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Human Resources Division 

H-2337 16 

December 12,lQQO 

The Honorable Robert L. Livingston 
House of Representatives 

Dear Mr. Livingston: 

In response to your request, this report presents the results of our review of brain-wound 
research by the Louisiana State University (LSU) School of Medicine in New Orleans under 
contracts with the U.S. Army Medical Research and Development Command. 

Experts we consulted have concerns about the performance of the research that raise 
questions about the validity of some of the results. In addition, we have concerns about the 
Army’s management of its contracts with LSU for this research. 

This report contains recommendations to the Secretary of Defense; they are designed to 
ensure that his decision on the remaining contract’s future is based on a determination of 
whether or not the project will provide additional useful information and, if so, that the 
concerns we identified have been resolved. 

As agreed with your office, unless you publicly announce its contents earlier, we plan no 
further distribution of this report until 7 days after its issue date. At that time, we will send 
copies to certain House and Senate Committees and to other interested members of the 
Congress. We are also sending copies to the Department of Defense; the Department of the 
Army; Dr. Michael E. Carey, Louisiana State University School of Medicine in New Orleans; 
and other interested parties. 

This report was prepared under the direction of Linda G. Morra, Director, Intergovernmental 
and Management Issues. Please call her on (202) 275-1655 if you have any further questions. 
Other major contributors to this report are listed in appendix XIII. 

Sincerely yours, 

Lawrence II Thompson 
Assistant Comptroller General 



Executive Summary 

the contract requirements; the panel also provided individual comments 
to a series of questions GAO developed. Following the medical panel 
meeting, GAO consulted several veterinary anesthesiologists. 

The overall goal of the LSU research is to better understand the 
pathophysiology (alterations in the physiological functions produced by 
a disease or pathological process) of fragment wounds to the brain and 
develop a drug protocol that can be used in conjunction with surgery to 
treat such wounds. GAO’S panel chairman summarized it thus: 

The problem of missile injury both on the battlefield and in civilian circumstances is 
important. Understanding the pathophysiology of missile injury is the only way that 
progress can be achieved in treatment. 

Results in Brief GAO’S medical panel was generally positive about the research. The 
panel believes that research in this area is needed, no one else is working 
in this particular area, and the model is unique for studying brain 
wounds. The panel concluded that the project had merit and funding 
should continue. Most panelists, however, expressed concerns about the 
research in two areas-the management of general anesthesia and post- 
operative care-that they thought could affect some research results. 
GAO therefore concentrated on these areas in its review. For assistance, 
GAO consulted five veterinary” anesthesiologists. 

GAO asked the veterinary anesthesiologists to review the information 
provided to the panelists, as well as additional information developed by 
GAO, and focus on the areas of concern. The five veterinary anesthesiolo- 
gists had several concerns that raised doubts about the validity of some 
of the research results. Specifically, all of the anesthesiologists ques- 
tioned the management of the general anesthesia; the management of 
postoperative care; and, in reported results, the exclusion of data on 
large numbers of animals used in the research. Several of the anesthesi- 
ologists also questioned the reliability of blood gas measurements and 
the number of animals used that did not result in usable data. (See ch. 
2.1 

GAO also determined that the research does not violate the public law 
limiting the use of cats and dogs in DOD projects. The law pertains to the 
medical training of DOD personnel, not research efforts. (See ch. 3.) 

Finally, GAO determined that the Army’s management of the research 
contracts has been inadequate. The Army did not follow its standard 
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critical to the outcome of the LSU study-such as, cerebral (brain) blood 
flow and cerebral metabolism-are influenced by general anesthesia. 
The changes in blood flow and metabolism are directly related to the 
anesthetic dose. Therefore, unless the dose is precisely controlled, the 
veterinary anesthesiologists GAO consulted said, it is impossible to deter- 
mine whether the pathophysiological changes are due solely to the 
injury or to a combination of the injury and the anesthesia. These anes- 
thesiologists were in agreement that with the particular anesthetic and 
its method of administration in the LSU research-pentobarbital injected 
first into the cats’ abdominal cavities, followed by intravenous injections 
as needed-the depth of anesthesia was difficult to control. 

GAO found that anesthesia doses and the times they were administered 
were recorded for only 20 to 25 percent of the animals used in the 
research. On the basis of a review of the anesthesia records GAO 
obtained from ISU researchers, the veterinary anesthesiologists doubted 
there was comparability in the depth of anesthesia among cats used in 
the experiments. (See ch. 2.) 

Questions About 
Postoperative Care 

Postoperative care for animals allowed to awaken from anesthesia is 
important in order to interpret physiological and behavioral changes 
that may be caused by experimental procedures, such as injury, or by 
anesthesia or pain. Further, standardized postoperative care procedures 
are needed to ensure that research data for all animals used in the 
research are comparable. However, the research team did not consider 
postoperative care factors important to the research. The veterinary 
anesthesiologists GAO consulted identified several factors that suggest 
deficiencies in postoperative care, such as the lack of detailed records to 
confirm that uniform care was provided to all animals. The veterinary 
anesthesiologists pointed out that careful management of the postopera- 
tive period (that is, monitoring such factors as body temperature, fluid 
balance, and reflexes) is important to distinguish between the recovery 
of treated and untreated animals to identify effective drug treatments. 
GAO was not able to obtain sufficiently detailed records to answer the 
anesthesiologists’ questions about postoperative care. (See ch. 2.) 

Questions About Other 
Areas of Research 
Performance 

The veterinary anesthesiologists raised additional questions on informa- 
tion related to other areas of research performance. Of particular con- 
tern were 
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DOD and ISU disagreed with GAO'S observations on scientific issues 
related to 

. control of general anesthesia and its potential effect on research results; 
l the effect and adequacy of postoperative care; and 
. other aspects of research performance including questions about (1) the 

possible recording of measurement errors in blood gas values, (2) the 
ability of the trauma model to produce predictable graded responses, (3) 
failure rates during the performance of the project, and (4) concerns 
about data-reporting methods. 

ISU also disagreed, in part, with the process GAO used to conduct its 
review. 

GAO believes that both the process used to conduct its review and the 
concerns raised are valid. Differences of opinion exist on the scientific 
issues discussed in this report; GAO'S recommendations were intended to 
focus DOD'S attention on these issues as it decides whether to continue 
the ISU project. 

GAO'S more detailed response to the DOD and LSU comments appears in 
chapter 4. The full text of the DOD and LSU comments are presented in 
appendixes XI and XII respectively. 
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Chapter 1 

Introduction 

---- 
In the summer of 1988, amid growing concerns about the proper use of 
animals in biomedical research, a project funded by the Department of 
the Army achieved national attention. The project entailed the injuring 
of cats to study shell and other fragment wounds to the brain. Details of 
this research, conducted at the Louisiana State University (NJ) School 
of Medicine in New Orleans, were made public in September 1988 as the 
result of a Freedom of Information Act request; then the details rapidly 
surfaced in the media. 

The Army defends the project as necessary to learn how to better treat 
combat-incurred brain wounds so that injured soldiers can be returned 
to duty and thereby conserve military fighting strength. Critics of the 
research, including the Louisiana Society for the Prevention of Cruelty 
to Animals and New Orleans-based animal welfare groups, argue that 
the project violates federal law limiting use of dogs and cats in DOD 
projects; in addition, the project is unlikely to expand the body of 
knowledge established by other research on the treatment of brain 
wounds. 

Given these differing views of the value of the LSU research, Representa- 
tive Robert L. Livingston asked GAO, in an October 28, 1988, letter, to 
review the research project to determine whether it can be expected to 
provide useful results. He also asked GAO to review the Army’s process 
for approving and monitoring its contracts with ISU and determine 
whether the contracts violate the public law limiting the use of cats and 
dogs in DOD projects. 

In the past year, the LSU research project has generated widespread con- 
gressional concerns, generally similar to those of Representative Living- 
ston. As a result, the Defense Appropriations Act of 1991 (P.L. 101511, 
Nov. 5, 1990), prohibits the Army from disbursing any of its fiscal year 
1991 or prior years’ appropriations to fund the LSU research, except for 
previously incurred costs, pending completion of GAO'S review. 

Background 

” 

The U.S. Army Medical Research and Development Command conducts a 
medical research and development program designed to support the sol- 
dier in the field and meet other Army health needs. Research focuses on 
combat casualty care, military disease hazards, combat weapon systems 
hazards, and chemical weapons defense. The LSU project emphasizes the 
significance of brain-wound research to care for combat casualties. Pro- 
ject proposals indicate that although 40 percent of all combat deaths are 
from brain wounds, many soldiers survive such wounds. The proposals 
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- 
add, however, that almost one-third of the Army servicemen who 
received brain wounds from missiles in World War II and the Vietnam 
War were able to continue some form of duty. 

The purpose of the IHI research is to enhance the understanding of 
brain wounds, thus enabling combat physicians to effect better drug 
treatment. The research proposals state that it is unlikely that further 
development of medical evacuation, facilities, equipment, and supplies 
for the treatment of injured soldiers-which were optimal during the 
Vietnam War-will save lives. The proposals also indicate little prospect 
for reducing the death rate through improved neurosurgical techniques.1 
The proposal (see proposal I, app. I), which resulted in the first of two 
contracts with LXJ, proposes research that 

. will provide the first steps in providing a comprehensive delineation of the 
pathophysiology of brain wounding caused by conventional weapons and optimal 
treatment. Hopefully, knowledge gained will result in a significant reduction of war- 
time neurosurgical mortality from 10 to perhaps 6 percent or less. . . , This project is 
designed to provide information immediately transferrable to the clinical setting. 

Research Objectives The ISU research focuses on wounds caused by low-energy missile shell 
and other fragments. On the basis of an unsolicited proposal, LSU was 
awarded a sole-source contract, on June 22, 1983, for research, entitled 
“The Effects of an Experimental Missile Wound to the Brain on Brain 
Electrolytes, Regional Cerebral Blood Flow and Blood Brain Barrier Per- 
meability; The Treatment of the Resultant Disorders” (Contract 
DAMD17-83-C-3145). (See Glossary for definitions of terms in this title.) 
Before the contract was awarded, the Army had the opportunity to com- 
ment on the research proposal. In addition, the proposal went through a 
formal peer review process2 

The research objectives, as stated in the proposal, were to 

‘Neurosurgical mortality of combat-incurred brain wounds for U.S. forces was 14 Percent in World 
War II, 9.6 percent in the Korean War, and 10 to 12 percent in the Vietnam War. LSU’s principal 
investigator views these data as indicating that no reduction in brain-wound mortality for IJS. forces 
has taken place over the past 36 years (see proposal II, app. II). 

% the peer review process, proposals are competitively evaluated through a discussion conducted by 
a review committee composed of scientists kuowledgeable about the proposal subject. The committee 
evaluates each proposal to determine its scientific acceptability in areas such as research objective, 
scientific feasibility, investigator competence, and animal use. 
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l document the acute changes in (1) brain water and electrolytes, (2) 
regional cerebral blood flow and cardiac output, and (3) blood-brain bar- 
rier [UBB (see Glossary)] permeability consequent to a nonfatal missile 
wound in cats and 

l test three drugs given 1 hour after wounding to determine whether they 
minimized or prevented physiological dysfunction of the variables listed 
above. 

Following contract modification (BBB work was deleted) the period of 
performance for the first contract was from July 1, 1983, to December 
31, 1985, at a cost of $342,450. 

In response to ISJ’S January 30, 1985, proposal, a follow-on contract 
was awarded April 15, 1986, entitled “Experimental Study on a Brain 
Missile Wound; Ascertaining Pathophysiology and Evaluating Treat- 
ments to Lower Mortality and Morbidity” (Contract DAMD17-86-C- 
6098). Peer-reviewed in June 1985, the proposal was incorporated in its 
entirety into the contract, Research conducted under the second contract 
is designed to develop “sound physiologic and pharmacologic methods to 
ameliorate brain damage” by concurrently 

l studying the neurological status of the animals before and after gunshot 
wounds to the brain to assess which drug treatment results in decreased 
mortality and morbidity and 

l comparing the pathophysiology of wounded untreated cats (control 
cats) to wounded cats subjected to treatments (study cats) shown to be 
effective in reducing mortality and morbidity. 

The period of performance specified in the contract-April 14, 1986, to 
September 29, 1991 (revised from the original proposal)-has remained 
unchanged to date; however, through contract modifications, the cost 
has increased from $1,681,773 to $1,767,894. As of August 27, 1990, a 
total of $1,35 1,669 had been paid to ISU under this contract. 

With the exception of budget data deleted by the Department of the 
Army and the personal information deleted by GAO, appendix I pro- 
vides the complete proposal for the first contract and appendix II pro- 
vides the complete proposal for the second contract. 

ISIJ is accredited by the American Association for Accreditation of Labo- 
ratory Animal Care (AAALAC). AAALAC is an organization that accredits 
institutions engaged in animal research. Institutions voluntarily seek 
accreditation, which, if obtained, must be periodically renewed. 
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A trauma model in biomedical research consists of the animal used, the 
method of preparing the animal for injury, and the method of inflicting 
a physical injury so as to study the effects of the trauma on the animal 
or assess the efficacy of drug treatments or both. An essential charac- 
teristic of a valid trauma model is its repeatability; that is, the model 
can be used to produce an injury predictably and consistently. The 
trauma model for the ISU research is an anesthetized cat, shot in the 
head with a specially designed “gun.” 

The proposals indicate that cats were selected because (1) their brains 
have a ratio of gray to white matter comparable with that of human 
brains and are small and would not, therefore, require large amounts of 
expensive radioisotope (radioactive isotope used as a tracer to follow 
the course of blood flow) doses and (2) they are readily available and 
relatively inexpensive. 

The method of preparing the animals for injury is generally the same in 
proposals I and II, except for the anesthetic regimen and trajectory of 
the missile into the brain. The animals are placed under general anes- 
thesia;” monitors are used to measure various physiological parameters, 
such as blood pressure, hematocrit (the percentage of the whole blood 
cells in relation to the plasma content), and arterial blood gases (oxygen 
and carbon dioxide concentrations found in blood). In proposal I, the 
anesthetic protocol includes halothane (an anesthetic administered by 
inhalation), methohexital sodium (an ultrashort-acting barbiturate sold 
under the trade name of Brevital), and nitrous oxide (a colorless gas 
used to produce anesthesia); in proposal II, the anesthetic protocol 
includes methohexital sodium and nitrous oxide. In proposal I, the mis- 
sile (a steel sphere 2 millimeters in diameter and weighing 31.7 milli- 
grams) enters the left temple and follows a path from left to right across 
the brain behind the eyes. In proposal II, the anterior (front) wall of the 
right frontal sinus is surgically removed to facilitate penetration of the 
skull by the missile, which inflicts the injury front to back in the right 
cerebral hemisphere. In both proposals, the animal’s head is positioned 
and immobilized in a device called a stereotaxic frame. 

3General anesthesia is defined as a state of altered body function resulting in insensibility to pain and 
a loss of consciousness. It is accomplished either by the imection of a combination of drugs or a single 
drug or by the inhalation of an agent combined with oxygen. Drugs injected alone or in various combi- 
nations to produce a state of general anesthesia include narcotics, tranquilizers, dissociative agents, 
and barbiturates, such as the pentobarbital used in this study. Injections may be intraperitoneal- 
into the abdominal cavity-intravenous-into a vein- or into a muscle mass. Inhalation agents are 
delivered to the animals’ lungs in a carrier gas, such as oxygen or an oxygen-nitrous oxide mixture. 
The animal inhales this mixture through a mask placed over the face or through a tube (known as an 
endotracheal tube) inserted into the trachea (windpipe). 
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The protocols indicate that study animals are then shot at one of three 
energy levels-O.9 joules, 1.4 joules, and 2.4 joules.* Depending on the 
nature of the specific experiment performed, in proposal I, physiologica 
parameters are monitored for times ranging from 0 to 360 minutes (6 
hours) before the animal is euthanized (put to death easily and pain- 
lessly). In proposal II, physiological parameters are also monitored for 
times ranging from 0 to 360 minutes, and the behavior of cats receiving 
drug treatments is assessed daily for 21 days after wounding. Animals 
allowed to survive for more than 6 hours are returned to EN’S animal 
care facility. At the end of the experimental procedure, the animals are 
reanesthetized before being euthanized. 

The gun used to inflict the fragment wound consists of a precision-made 
steel tube seated inside a 69-centimeter (100th of a meter) hollow steel 
bar. The inside diameter of the steel tube is just large enough to accom- 
modate the missile that inflicts the injury. The barrel is coupled to a 
valve that controls the release of pressurized helium propellant. 
Velocity of the missile is a function of helium pressure released by the 
valve. The velocity is determined by the time required for the missile to 
pass between two electronic break screens set exactly 50 centimeters 
apart. 

Research Results As of June 1989, the LSU research team had worked on 33 experiments, 
each of which is described in appendix III. In a January 3, 1989, letter to 
the Army’s contracting officer’s representative (COR), the principal 
investigator stated that the ISU research effort has resulted in the fol- 
lowing unique accomplishments: 

l establishment of a trauma model in the anesthetized cat where a realistic brain 
wound is made through the intact skull; 

l reemphasis of existing knowledge that the missile’s crushing effect on the brain may 
not be responsible for its lethal effect; rather, it is the indirect effects of the missile 
acting on the brainstem, many centimeters away, that is lethal by causing respira- 
tory arrest; 

4.Joulcs is a unit of energ 
Y 

(that is, the capacity to do work). The energy in joules of the sphere is 
calculat,ed by E= l/2 mv , where “E” represents energy, “m” represents the mass (in kilograms) of 
the sphere, and ‘V’ represents velocity (in meters per second) of the sphere. Using a 31.7 milligram 
steel sphere, consistent bone penetration of the posterior wall of the right frontal sinus required an 
energy level of 0.9 joules. At 1.4 joules, the wound was fatal due to immediate respiratory arrest in 
about 40 percent of all the animals; at 2.5 joules, to 66 percent. Because the interest was in 
pathophysiology of nonfatal brain wounds, three discreet energy levels-O.9 joules, 1.4 joules, and 
2.4 joules-were selected to produce graded responses for acute, subacute, and long-term physiologic 
changes. 
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demonstration that something as simple as cardiopulmonary resuscitation may dra- 
matically lower the mortality from a brain wound; 
determination that respiratory failure [apnea] accounts for the immediate mortality 
from missile wounding to the brain even though the missile comes nowhere near the 
respiratory centers in the brainstem; 
determination of the normal recovery time and recovery pattern for motor defects 
[paralysis] following brain wounding in the untreated cat; 
demonstration that missile wounding disrupts the so-called blood-brain barrier 
[BBB], which must be intact for normal brain function, not only around the wound 
track but at a distance from the missile track; 
computation of the time course and magnitude of post-wounding brain edema 
[swelling] for the missile injury to the brain; 
demonstration of the enormous increase in prostaglandins [powerful hormone-like 
chemicals that affect the nervous system] in the cerebrospinal fluid within minutes 
after wounding; 
study of regional blood flow throughout the brain ascertaining that (1) brain 
wounding is not associated with a lessening of blood flow (ischemia] either about the 
wound track or anywhere else in the brain, (2) a missile wound to the brain followed 
by simultaneous, major blood loss in other parts of the body may lead to severe loss 
of brain blood flow that is not restored by infusion, (3) the missile-wounded brain 
loses its ability to control its own blood flow through chemical blood flow autoregu- 
lation, and (4) increased levels of oxygen in the blood decrease blood flow to the 
brain after missile wounding; and 
determination that a missile wound to the brain affects not only the brain, but 
causes systemic effects as well, such as increasing plasma catecholamines [any one 
of a group of natural substances released by the body as a result of stress or injury]. 

Objectives, Scope, and As agreed with Representative Livingston, our objectives were to carry 

Methodology 
out a detailed assessment of the ISU brain wound research to (1) deter- 
mine whether it will provide useful results and (2) review the Army’s 
management of its contracts with LSJ. We also agreed to determine 
whether the research violates section 8056 of the DOD Appropriations 
Act of 1988 (P.L. lOO-202), which is the federal law that pertains to 
DOD’S use of dogs and cats in DOD projects. 

To accomplish these objectives, we 

l reviewed the Army’s contract files-including the research proposals, 
quarterly and annual progress reports submitted by IS17 on the first and 
second contracts, the final report submitted on the first contract, draft 
articles prepared by the principal investigator for submission to peer- 
review journals, correspondence between ISU and the Army-and docu- 
mentation pertaining to requests made under the Freedom of Informa- 
tion Act for information on the research; 

l reviewed section 8056 of P.L. loo-202 and its legislative history; 
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. interviewed Army officials responsible for approving and managing this 
research at headquarter&-Army Medical Research and Development 
Command, Fort Detrick, Maryland-and Letterman Army Institute of 
Research, San Francisco, California; 

l visited the IXJ School of Medicine in New Orleans to discuss the project 
with ISU officials and the research team, inspect the laboratory and the 
animal care facility, and review laboratory notebooks on the experi- 
ments performed; 

l met with representatives of the Physicians Committee for Responsible 
Medicine-an organization based in Washington, D.C., that advocates 
using alternatives to animals in research-and reviewed the critiques of 
the research project they provided; 

l convened a medical panel to review and evaluate the scientific aspects 
of the research and identify areas, if any, warranting further 
investigation; 

l consulted veterinary anesthesiologists to review reported information in 
the research areas in which the panel had concerns; 

. conducted a literature search of the MEDLINE (Medical Literature Anal- 
ysis and Retrieval On-Line), Defense Technical Information Center, and 
CHISP (Computer Retrieval of Information on Scientific Projects) data 
bases to identify ongoing or completed research involving brain wounds, 
cats, or anesthetics and various physiological parameters relevant to the 
ISlJ project. 

The members of our medical panel were selected to provide expertise in 
such relevant areas as neurosurgery, neurology, anesthesiology, trauma, 
anatomy, and veterinary medicine. Initially, we selected members on the 
basis of recommendations from GAO'S chief medical advisor, the director 
of the National Institute of Neurological and Communicative Disorders 
and Stroke, the American Medical Association, and the Physicians Com- 
mittee for Responsible Medicine. If the recommended member could not 
assist us because of a scheduling conflict, we asked that he or she rec- 
ommend a substitute with similar expertise. The members of our med- 
ical panel are listed in appendix IV. 

Before the meeting, we sent the panel members information on the 
research project, including the two research proposals, the annual 
report and final reports on the first contract, the annual reports on the 
second contract (covering research completed through April 1988), and 
the two quarterly reports on research completed from April through 
October 1988 (the last progress reports ISU submitted to the Army). 
Also before the meeting, we asked the panel chairman to review and 
comment on a draft of questions we prepared to stimulate the discussion 
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and address the issues raised by the Physicians Committee for Respon- 
sible Medicine. He accepted the questions as submitted and made prelim- 
inary assignments of specific questions to each panel member on the 
basis of his or her area of expertise. 

At the panel meeting, held at GAO on June 19, 1989, we provided infor- 
mation on the equipment used at the LSU research facility (much of 
which was purchased with Army and DOD funds); the curriculum vitae 
of four members of the research team, current as of June 1989; and data 
from the laboratory notebooks on research protocols for 33 experiments, 
including the numbers of animals used and the types and amounts of 
anesthetics given. 

In the meeting, the panel discussed the project’s goals, methodology, and 
value; the trauma model; animal care; anesthetic controls; and investi- 
gator qualifications and equipment, The discussions in each of these 
areas focused on both the research as proposed and the research as per- 
formed. Further, in each area, the panel discussed specific questions we 
had prepared. At the end of the discussion for each area, and before 
moving into the next area, the chairman asked the panelists to write 
their responses to the questions in workbooks we provided (see app. V). 

Immediately after the June 1989 meeting, we reviewed each panelist’s 
written comments and identified general areas of concern: control of 
general anesthesia and postoperative care. Because six of the eight 
panel members expressed concerns about some aspect of the anesthesia 
proposed or used in the research and its effects on the results, we con- 
sulted veterinary anesthesiologists about anesthesia and its effects on 
cats. To identify these panelists, we obtained recommendations from 
both the Assistant Deputy Administrator for Animal Care for Regula- 
tory Enforcement, U.S. Department of Agriculture, and a coeditor of 
Veterinary Pharmacology and Therapeutics”; we also reviewed the ref- 
erences cited in the 5th and 6th editions of this reference work. The vet- 
erinary anesthesiologists that we consulted, who have themselves done 
animal research, are listed in appendix VII. 

On September 13, 1989, we visited LSU and briefed the principal investi- 
gator on our preliminary findings. During that meeting, he provided 
additional information concerning the experimental protocols, anes- 
thetics used, and postoperative care. Further, following the meeting, at 

“Nichok II. Booth and Leslie E. McDonald, eds., Veterinary Pharmacology and Therapeutics, 6th ed. 
(Ames, Iowa: Iowa State IJniversity Press, 1988). 
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his request, we sent each member of the medical panel (1) the abstracts 
of papers that research team members had presented on the research 
and (2) a draft of an article on the research subsequently published by 
the Journal of Neurosurgery.6 

After the meeting at GAO in June 1989, the panel chairman reviewed and 
drafted a summary of the individual comments and the panel’s discus- 
sion; the chairman circulated this draft summary to each panelist for 
review. GAO received the panel’s final report on October 23, 1989 (see 
app. VI). 

We met again, at GAO headquarters in Washington, with the principal 
investigator and other ISU officials on November 9, 1989. At that 
meeting, LXJ provided additional information on the anesthetic aspects 
of the research, including a schedule of usable animals, examples of 
postoperative care records, examples of observation records on animals 
used to test treatment drugs, and articles on research in which the anes- 
thetic protocol included the same anesthetic as that used as the principal 
anesthetic in the LSU research. Bibliographic information for these arti- 
cles is provided in appendix VIII. 

The veterinary anesthesiologists we consulted reviewed the same infor- 
mation that we provided to the medical panel for the June meeting. 
They also reviewed the additional information we obtained during our 
meetings with ISIJ in September and November 1989. 

In April 1990, we also provided each member of the medical panel much 
of the additional information obtained from LSU. This report incorpo- 
rates their comments as appropriate. 

We did our review between January and December 1989, in accordance 
with generally accepted government auditing standards. 

“Michael E. Carey and others, “Experimental Missile Wound to the Brain,” Journal of Neurosurgery, 
Vol. 71 (1989), p. 764. 
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We convened a panel of medical experts in June 1989 to review the 
research. These panelists reviewed the contract proposals and various 
reports sent to the Army under contract requirements. The experts pro- 
vided their individual comments to questions that GAO had asked (see 
app. V), followed several months later with a summary of the individual 
comments and the panel’s discussion compiled by the panel chairman 
(see app. VI). The panel was generally positive about the research 
except for one panel member who was generally less supportive of the 
project than the others. The panel believes that this type of research is 
the only way progress can be achieved in treatment, that there is no 
current research in this area, and that the model is unique. The panel 
considers the principal investigator a highly respected member of the 
neurosurgical community with long-standing interest in missile injury 
and unique clinical experience in the battlefield. Although most panel- 
ists expressed concerns about research performance in some areas, the 
panel concluded that the project had merit and funding should continue. 

The panel also concluded, on the basis of the university’s AAALAC accred- 
itation, that the care of the animals at LSU has been adequate. The chief 
consultant on the panel for the care of animals believes that Is7 has 
more than adequately met the AAALAC standards. The panel did not 
believe that it could specifically evaluate the adequacy of postoperative 
care from the documentation reviewed. But the panel believes that the 
anesthetics used throughout the research were adequate to protect the 
animals from pain during wounding. The panel also noted that the brain 
has no nerve endings per se and does not suffer pain postoperatively. 

Because the areas in which most of the panelists expressed concerns 
could affect some research results, we reviewed these areas further. The 
majority of the members of the panel were concerned about manage- 
ment of the anesthesia and postoperative care. 

We consulted five veterinary anesthesiologists on issues specifically 
related to these areas. We also asked them to comment on any other 
aspects of research performance they believed to be important. Their 
analysis of the research raised questions about the validity of some of 
the research results. 

All general anesthetics affect cerebral metabolism, blood flow, and the 
brain’s ability to autoregulate (regulate its own blood flow). The degree 
of alteration and the mechanism by which it occurs vary depending on 
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the anesthetic. Therefore, the anesthetic can have significant implica- 
tions for some research results unless it is precisely controlled. The vet- 
erinary anesthesiologists concluded that the information they reviewed 
indicated inadequate control of the anesthetic; as a result, the anes- 
thetic’s effects on some research results are unclear. 

Postoperative care also affects some results. All aspects of the recovery 
from anesthesia and postoperative care should be detailed to confirm 
that uniform care was provided to all animals. The veterinary anesthesi- 
ologists pointed out that careful management of the postoperative 
period (that is, monitoring such factors as body temperature, fluid bal- 
ance, and reflexes) is important in comparing the recovery of treated 
animals with untreated ones to identify effective drug treatments, In 
general, L%J did not maintain postoperative care records. The veterinary 
anesthesiologists indicated that they could not determine the adequacy 
of postoperative care from the information provided to them. 

The veterinary anesthesiologists raised questions about other aspects of 
research performance. For example, the three anesthesiologists who 
commented on blood gas data believe that errors may have occurred in 
blood gas measurements. Two of the three also questioned whether the 
trauma model provided “graded” responses, that is, whether it provided 
different responses to injuries of increasing severity. Four veterinary 
anesthesiologists had concerns about the project’s experimental failure 
rate,’ which was more than 2-l/2 times greater than NJ estimated; all of 
the anesthesiologists questioned the differences between the number of 
animals used and the number of animals for which data were reported. 

Questions About 
Control of General 
Anesthesia 

The primary issue in the management of a general anesthetic is proper 
control, which requires maintaining a uniform depth of anesthesia so 
data can be compared within and across groups. The anesthetic and its 
method of administration in the research made controlling the depth of 
anesthesia difficult2 Anesthesia was induced using pentobarbital, 
administered intraperitoneally (IP) in the abdomen and maintained 
through bolus (all at once) intravenous (IV) injections of pentobarbital. 
Barbiturates such as pentobarbital (which were introduced in 1930 and 

‘Failure rate refers to the percentage of animals used in the experiment that did not produce usable 
(reportable) data. 

“Throughout the research period, pentobarbital was the principal general anesthetic, Other anes- 
thetics, such as halothane and isoflurane, were used infrequently. Although some animals used early 
in the research initially received IV pentobarbital, primarily it has been administered IP. 
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are widely used in research) produce dose-dependent responses in phys- 
iological parameters critical to the outcome of the INJ research (that is, 
cerebral blood flow and cerebral metabolism);3 these barbiturates will 
affect the results unless the dose is precisely controlled. The veterinary 
anesthesiologists’ review of the research reports raised questions about 
whether control of the anesthetic was adequate, 

Managemen 
Difficult 

.t of Anesthetic Cats metabolize (eliminate) pentobarbital more slowly than many other 
animals and, thus, have a prolonged recovery period from its effects4 
The respiratory function of animals, especially the cat, is particularly 
sensitive to the effects of barbiturates. Doses of barbiturates (such as 
pentobarbital) that induce deep anesthesia, sufficient for surgical inter- 
vention without a response to pain, severely depress both the respira- 
tory frequency and tidal volume (volume of breath). This results in 
dangerously low levels of oxygen in the blood as well as body tissues 
and increased levels of carbon dioxide; this increase produces an imbal- 
ance in the oxygen-carbon dioxide levels in the blood. Depending on the 
overall condition of individual cats and doses administered, the resulting 
depressed ventilation may cause the animal to stop breathing and die. 

The veterinary anesthesiologists agreed that the difficulty in controlling 
the depth of anesthesia is compounded when it is administered by II’ 
injection, which prolongs absorption of the anesthetic; this results in a 
slow induction and inconsistent depth of anesthesia, as well as a pro- 
longed recovery from its effects. Unless the individual administering the 
drug is well trained, it is easy to inject an overdose; if this occurs, the 
drug cannot be quickly eliminated or detoxified. The intermittent admin- 
istration of IV boluses of pentobarbital anesthesia does not produce a 

“Barbiturates, derivatives of barbituratic acid, are used as hypnotic and sedative drugs. Modifications 
in their structure influence the potency and rapidity of their effects. The depressant effects of these 
drugs are exerted on the higher centers of the brain. 

4”At one time pentobarbital was the principal IV anesthetic used in veterinary medicine. However, 
safer procedures using techniques of balanced anesthesia [the use of an additive combination of drugs 
to produce general anesthesia; therefore, the dose of a single drug reduces the side effects of the 
second drug] have essentially replaced pentobarbital in modern practice. Purther, the depth or level 
of anesthesia is less readily controlled with drugs injected intravenously or parenterally, whereas it is 
easily controlled with volatile drugs like ether, halothane, and methoxyflurane . In general, most 
laboratory animals metabolize drugs more rapidly than humans. The cat, however, is an exception 
and requires a longer time to metabolize barbiturates. The cat shows a marked susceptibility of 
respiratory function following barbiturate administration. Barbiturates must be induced with partic- 
ular caution.” In Nicholas H. Booth and Leslie E. McDonald, eds., Veterinary Pharmacology and Ther- 
apeutics, 5th ed. (Ames, Iowa: Iowa State University Press, 1982), pps. 206 and 211. 
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consistent level of anesthesia, nor does it compensate or equalize the ini- 
tial II’ administration. The IV boluses only create varying depths of anes- 
thesia after a variable initial dose, making comparison difficult. 

.- .-.-- 

Anesthesia Dose May Not The veterinary anesthesiologists indicated that it is extremely important 

Have Been Regulated that the general anesthesia be administered in a careful and controlled 
manner so that the reactions of study and control animals can be com- 
pared. In this way, any changes that occur will be the result of the 
trauma rather than the anesthetic. Many anesthesiologists have found, 
one veterinary anesthesiologist explained, that (1) brain disease, 
tumors, and trauma modify brain function and blood flow and (2) the 
effects of anesthetic agents are unpredictable. Therefore, he continued, 
in any cerebral trauma model it is important that the depth of anes- 
thesia be precisely controlled so that any changes that occur-which 
can be due to changes in cerebral autoregulation, blood flow, or metabo- 
lism-are due to the damage and not to changes in carbon dioxide, anes- 
thetic levels, or body temperature. 

In the documentation they reviewed, the veterinary anesthesiologists 
saw no evidence that the dose of anesthesia was precisely regulated so 
that the depth of anesthesia was controlled. Further, because the anes- 
thetic was administered IP and maintained with bolus IV injections, the 
depth of anesthesia and the duration could vary during and between 
experiments. 

For the most part, anesthesia records were not kept on individual ani- 
mals used in the experiments. LNJ did not believe such records were 
important; it indicated that although specific anesthesia data generally 
were not recorded, protocols applicable to the 33 experiments were fol- 
lowed (see app. III for protocols). We found that when records were 
kept, however, doses actually given varied significantly and do not 
agree with the protocols, 

Our review of the laboratory notebooks found anesthesia records 
detailing cat weight, anesthesia doses, and times of administration for 
only about 20 to 25 percent of the animals used in the experiments. 
These records show that the anesthesia protocols were not followed. For 
example, the protocol states that the initial anesthesia dose is 40 milli- & 
grams per kilogram of animal weight of IP-administered pentobarbital. 
We compared this protocol with the doses in the records and found that 
the initial dose of anesthetic actually given ranged from 14.2 to 61.9 
milligrams per kilogram of animal weight. 
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Inhalant anesthetics would be preferable, three of the veterinary anes- 
thesiologists commented, but pentobarbital could be used as a general 
anesthetic for the LSU research if the conditions of its administration 
were precisely controlled. They emphasized, however, that this pre- 
cludes IP administration. They added that if pentobarbital is used, the 
preferred method is IV administration so as to achieve a steady state 
level of anesthesia by continuous infusion. One veterinary anesthesiolo- 
gist stated that to 

* * . establish a constant infusion of a barbiturate to achieve a steady-state level 
during the study, [it is necessary to] control ventilation and maintain the carbon 
dioxide tensions [levels] between 38 and 42 mm/Hg [millimeters of mercury], and 
maintain the oxygen tension [level] of 95-100 mm/Hg. An oxygen tension of 95100 
mm/IIg is consistent with oxygen tensions when breathing room air and a carbon 
dioxide tension of 38-42 mm/Hg is consistent with the awake state. Body tempera- 
tures should be maintained between 37 and 38” Centigrade. 

On the basis of the information they reviewed, the three veterinary 
anesthesiologists who addressed this issue do not believe that the 
research achieved these levels of control. 

Questions About For animals allowed to awaken from anesthesia, careful monitoring of 

Effect and Adequacy 
postoperative care is important to obtain data relevant to research 
objectives and help ensure appropriate recovery. However, the research 

of Postoperative Care team did not consider postoperative care factors important to the 
research and did not adequately document the postoperative care given 
to the animals. As a result, the effects or adequacy of the postoperative 
care on research results can not be determined. 

Effects of Postoperative 
Care Not Considered 

The veterinary anesthesiologists emphasized that all aspects of postop- 
erative care should be documented in detail to confirm that uniform 
treatment was provided to all animals. In contrast, the research team 
stated that it does not believe that postoperative care, which occurs 
after the B-hour experimental period, is relevant to the research design 
or analysis, However, as reported in LSJ’S final report on the first con- 
tract (see figs. 1X.1,1X.2, and IX.3 in app. IX), results on brain water, 
sodium, and potassium levels are presented for animals up to 7 days 
postwounding. 

Without monitoring of physiologic parameters and observations of 
behavior, research data cannot be accurately interpreted. Monitoring 
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assures appropriate analysis when comparing anesthetized animals (the 
effects of pentobarbital alone) with injured untreated animals (the 
effects of the missile wound on the brain) and injured treated animals 
(the effects of drug treatment on the missile wound) with other groups 
of animals. One veterinary anesthesiologist specified that postoperative 
monitoring should include tracking, treating any possible pain exhibited 
by the animal, and documenting observations. These physiologic param- 
eters, he added, are especially important for head trauma studies, in 
which changes in reflexes and behavior-such as slow return of 
reflexes, excitement, reduced body temperature, or unconsciousness- 
can be expected after wounding. These changes may also result from the 
anesthesia. 

Records Not Maintained In general, records were not maintained for the postoperative care given 
to animals recovering from the experimental period. The proposal for 
the first contract mentions only that animals were to be observed over a 
g-hour period and then sacrificed while still under anesthesia. This pro- 
tocol was later modified as the Army approved a request to extend the 
life of the animals postoperatively so that brain swelling and other 
abnormal reactions occurring outside the 6-hour period could be 
observed. 

The second contract contained the following paragraph describing the 
postoperative care plan for a 4-month period: 

Surgery and wound closure will be sterile. We will wound these cats with a sterile 
sphere to obviate infection. After wounding and closure of the 4 centimeter scalp 
wound, we will remove chronic cats from the stereotaxic frame so they will have no 
pain upon awakening. We will remove the endotracheal tube as soon as possible. 
These wounded animals will be placed in warmed cages in our laboratory for inten- 
sive nursing care as needed during their early post-wounding convalescence. Mainte- 
nance fluids will be by IP route. We will treat them with penicillin and apply local 
antibiotic to the wounds6 

A retrospective description of postoperative care, given to animals used 
under the first contract, was provided in the Journal of Neurosurgery: 

Cats allowed to recover from anesthesia and wounding were treated with local 
antibiotic ointment and topical anesthetic to all sutured skin incisions. They were 
given Penicillin G (50,000 units, intramuscularly [IM]), carefully nursed, and 
observed in the animal care facility until they had fully recovered. Normal saline 

6This plan was reviewed and approved by the LSU Aniial Care and Use Committee 3 months after 
the second contract was awarded to ISU by t)le Army. 
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solution was given intraperitoneal [IP] for the first few days after wounding, if nec- 
essary, for hydration. During the recovery period no cat appeared in any pain6 

Additionally, postoperative care for the animals used in the first con- 
tract was provided in the Journal of Neurotrauma: 

Cats allowed to live beyond 6 hours were wounded with an alcohol-soaked pellet 
wrapped in sterile paper before it was inserted into the gun barrel. These animals 
were also given penicillin (300,000-460,000 units i.m.) after wounding. Local antibi- 
otics and topical lidocaine were also applied to all wounds that had been sutured 
closed. No cats allowed to recover from anesthesia appeared in any pain prior to 
sacrifice. The animals were painlessly sacrificed by barbiturate overdose and exsan- 
guination from 6 hours to 7 days after wounding.’ 

Questions About 
Postoperative Pain 

We discussed with the veterinary anesthesiologists the issue of postop- 
erative pain. Two anesthesiologists noted that the wound itself would 
not cause pain since the brain has no nerve endings. Yet three anesthesi- 
ologists believe that the animals would experience pain from (1) the 
incisions made to insert various catheters and monitors and to remove 
the anterior wall of the right frontal sinus and (2) any swelling that 
might result from the injury. Four anesthesiologists stated that the ani- 
mals used in the research would require postoperative analgesics. One 
anesthesiologist commented that a topical anesthetic ointment is insuffi- 
cient for pain relief since the ointment has poor tissue penetration and 
provides relief for only 6 to 7 minutes. 

During our visit to ISU, we interviewed the veterinarian who has cared 
for the brain-wounded animals in the UXJ animal care facility. Individual 
records detailing the postoperative care and recovery for each animal 
were not maintained. However, the veterinarian told us that the animals 
from the brain-wound project experienced pain. He also told us that he 
treated them for the pain with butorphanol tartrate, an analgesic drug. 
In addition, he stated, the animals receive fluids by subcutaneous injec- 
tion, but are not force-fed or supported through any other nutritional 
means. 

We recounted the meeting with the LSU veterinarian in discussions with 
research team members. They indicated that they were unaware that 

‘Michael E Carey and others, “Experiment Missile Wound to the Brain,” Journal of Neurosurgery, 
Vol. 71 (Ndv. 1989), p. 764. 

7Michael E Carey and others, “Brain Edema Following an Experimental Missile Wound to the Brain,” 
Journal of keurotrauma, Vol. 7, no. 1 (Spring 1999), pp. 13-20. 
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the animals received analgesics, saying that they had not ordered any 
and would object to their use. However, the team did not believe any- 
thing that might have been done in the animal care facility had affected 
the research results. In a meeting with ISU officials 2 months later, we 
received a signed statement from the ISU veterinarian stating that he 
had given analgesics to only one animal. 

Questions About Other Lack of detail in other aspects of the research performance raised addi- 

Aspects of Research 
Performance 

tional questions from the veterinary anesthesiologists about the validity 
of the reported results. The veterinary anesthesiologists’ review of the 
research data, as reported to the Army, suggests that (1) there are pos- 
sible blood gas measurement errors; (2) the trauma model is not a pre- 
dictable “graded-response” model (producing different responses to 
injuries of increasing severity); and (3) the trauma model has had an 
unusually high failure rate. Further, data on all animals used in each 
experiment have not been reported. 

Blood Gas Data 
Questionable 

Blood gas concentrations are one measure of the depth of anesthesia. 
The three veterinary anesthesiologists who commented on the blood gas 
experiments indicated that NJ’S reported data on oxygen and carbon 
dioxide levels (see table 2.1) suggest measurement errors and that the 
ISU researchers were unable to control blood gases. These veterinary 
anesthesiologists believe that the incongruities in the blood gas data, 
unless explained, may invalidate related research results. 

The ISU report to the Army, interpreting data in table 2.1 (see also table 
IX. l), states 

that brain wounding may exert a profound influence upon “central” [medullary] 
respiratory drive mechanisms. Additionally, we have monitored arterial blood gases 
after wounding in 16 cats and have determined that brain wounding also may be 
associated with significant “peripheral” [pulmonary] effects as well: hypoxia [too 
little oxygen], hypercarbia [too much carbon dioxide], and acidosis [too much acid]. 
While often these effects accrue from the apnea itself, sometimes they are not the - 
result of decreased central respiratory drive mechanisms. 
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Tabla 2.1: Research Data on Arterial 
Blood Gases 

Wound 
energy 
0.9Jn 

Cat no. 
219 

Prewounding 1 minute postwounding 
Resp. Resp. 

rate PO, PCO, rate p0, PC02 
18 100.2 37.8 0 121.8 26.5 

0.9J 227 14 81.2 31.8 8 63.7 35.7 --..-- _- 
0.9Jb 231 8 82.7 46.8 10 65.7 50.4 

0.9J 233 12 82.6 42.0 0 59.8 39.7 ____ 
0.9J 239 16 102.9 40.8 20 121.7 39.9 
1.4J 225 20 101.6 29.9 0 59.4 41.4 -.-__ 
1.4J 228 24 74.3 40.7 19 71.7 41.9 _.-._ 
1.4J 234 8 109.8 38.0 0 39.3 46.9 ---- 
1.4J 237 14 113.6 40.9 0 46.8 50.9 
1.4Jb 243 IO 111.4 42.3 14 61.2 51.9 
.-- - 

--__ 
2.4J 220 12 60.8 32.7 12 47.1 31.5 ____-- -____--- 
2.4J 223 12 127.5 44.0 6 120.0 36.6 
2.4J 236 13 91.5 43.5 8 51.5 48.7 ~--____-- 
2.4J 241 12 105.8 44.6 0 57.9 50.3 

2.4Jb 244 16 120.6 40.1 21 72.9 50.9 

‘J refers to joules. 

bAnimals exhibiting significant decreased arterial PO,, hypercarbia, and decreased pH without central 
respiratory depression. 
Source: Selected data taken from table 10 (p. 47) of LSU’s final report on the first contract submitted to 
the Army February 10, 1987. (See table IX.1 for the complete table.) 

The three veterinary anesthesiologists pointed out several incongruities 
in these data. Included in the table are blood gas measurements for 
prewounding (that is, the animals were anesthetized, but unwounded) 
and postwounding. But for prewounding, the animals are only under the 
influence of the anesthesia. Data are not, therefore, within expected 
ranges for these animals, even after allowing for differences in indi- 
vidual animals. 

One veterinary anesthesiologist explained that for cats breathing room 
air (20 percent oxygen), the normal oxygen (PO,) and carbon dioxide 
(pC0,) tensions (levels) are 95 to 100 millimeters of mercury (mm/Hg) and 
38 to 42 mm/Hg, respectively. The blood gas levels should be maintained 
at these levels for cats under anesthesia. However, as shown in table 
2.1, prewounding resulted in 14 of 15 animals with an oxygen level 
outside the normal range and 7 of 15 animals with a carbon dioxide level 
outside the normal. 
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Another veterinary anesthesiologist commented that the combined 
carbon dioxide and oxygen values for several of the animals are not pos- 
sible as reported. He indicated that values (for a cat breathing room air 
at sea level) below 120 tnm/ug indicate poor lung function; values above 
160 mm/Hg indicate laboratory error (120 to 130 mm/Hg and 150 to 160 
mm/Hg are gray zones). Totals for cats #239, #223, and #244-162, 172, 
and 161 mm/Hg, respectively-exceed the upper range of possible values. 

This veterinary anesthesiologist also commented that as shown by the 
data in table 2.1, the magnitude of change for the carbon dioxide (pC0,) 
values 1 minute postwounding are greater than expected. He said that 
raised the question of whether the measurements were actually docu- 
mented at 1 minute. A carbon dioxide (pC0,) increase of about 2 mm/Hg 
per minute would be expected in an animal that is not breathing. How- 
ever, cats #227, #231, #225, #234, #237, #243, #236, #241, and #244 
experienced carbon dioxide increases of 3.9,3.6, 11.5,8.9, 10.0,9.6,5.2, 
5.7, and 10.8 mm/IIg, respectively, at 1 minute postwounding. 

__--_.-” .._. - _-._^ - 

Questions About the 
Trauma Model 

The Army awarded the contracts on the assumption that a valid model 
existed for studying the pathophysiology of fragment injuries to the 
brain and testing various treatment drugs. Two veterinary anesthesiolo- 
gists commented that the trauma model lacks different responses to 
injuries of increasing severity. In addition, three veterinary anesthesiol- 
ogists commented on the high failure rate of the model. 

Model Does Not Produce 
Graded Responses 

Reports to the Army state that the trauma model has been developed 
based on a “faithful” replication of fragment wounds to the brain 
inflicted at three levels of increasing severity-O.9 joules, 1.4 joules, and 
2.4 joules. A graded-response model, such as this one, should demon- 
strate progressive and statistically different responses for injuries 
inflicted at different levels of energy (missile impact). However, two of 
the veterinary anesthesiologists who examined these data concluded 
that the model does not predictably produce graded responses. For 
example, in one experiment, the reported data indicate that wounded 
animals experienced an increase in intracranial pressure (ICP) over con- 
trol animals. But the data (see tables 1X.2-1X.5) show no evidence that 
there are significant differences between the 0.9-, 1.4-, and 2.4-joule 
degrees of trauma. This is also the case for data reporting the effects of 
wounds on amounts of substances in the brain, including water, sodium, 
and potassium in white matter. (See figs. 1X.1-1X.3.) 
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Another example of incomplete reporting comes from the cerebral blood 
flow experiment, discussed earlier in this report (see p. 31). That experi- 
ment used a total of 45 animals; 4 animals died prematurely, reducing 
the total usable animals to 41. Of this number, 13 were control animals 
and 28 were study animals. The first annual report on the second con- 
tract includes data from 5 (versus 13) control animals and 23 (versus 
28) study animals. The remaining 13 cats are not accounted for. How- 
ever, since the report never states that a total of 45 animals was used, 
the discrepancy is not apparent. 

Two veterinary anesthesiologists commented that there are no generally 
accepted criteria for reporting data. They generally believe data 
reporting is an ethical issue. All five anesthesiologists believe that given 
the current scientific climate-minimizing the use of experimental ani- 
mals for both humane and cost purposes-there is a marked dispropor- 
tion between reported and unreported animals in this project. One 
anesthesiologist commented that it is difficult to have confidence in the 
reported results when so many animals have been excluded with no 
explanation as to the effect that data for them would have on the 
results. 
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table 2.2.) The 1986 and 1988 experimental groups were further divided 
into two groups each, on the basis of the general anesthetic used-pen- 
tobarbital or isoflurane. In the first contract, animals anesthetized with 
pentobarbital were not fully awake until 1 or 2 days postwounding. 
Given the behavioral scale used at the time to assess recovery of neuro- 
logic function and to test drug efficacy, the period for testing drugs was 
short; therefore, the shorter-acting isoflurane was also used. In the 1989 
experimental group, all of the animals were anesthetized with pentobar- 
bital. As shown in the table, the death rate was generally much higher 
than ISU expected. 

Table 2.2: Death Rate by Type of General 
Anesthesia Pentobarbital lsoflurane 

Experimental Number Number 
vear Wounded Died Percent Wounded Died Percent 

Not All Data Are Reported 

1986 3 1 33 6 1 16 
1988 10 5 50 6 5 83 
1989 27 12 40 a a a 

Note: All animals used in this experiment were wounded at the .9-joule level (the lowest energy level 
used to inflict the brain injury). No animals were wounded in 1987 for use in testing drug treatment 
therapies. 
‘Ysoflurane was not used in 1989. 

The reported results do not discuss data from experimental failures. Our 
comparison of the laboratory notebooks with reports submitted to the 
Army showed substantial differences between the number of animals 
used and the number for which data are reported. 

During our visit to ISU in September 1989, we met with the research 
team to further discuss the methodology used in each of the 33 experi- 
ments and to review the laboratory notebooks to determine the number 
of animals used. In tracing the animals used in each of the experiments 
to the reports on results, we found that data from a large number of 
animals were not included in the reports. For example, we identified the 
experiments included in the November 1989 Journal of Neurosurgery 
article and reviewed the information in the laboratory notebooks on the 
animals used in those experiments. We found that the data came from 
three experiments (listed in app. III as “Electrolytes,” “Physiology,” and 
“Apnea”), which used a total of 165 animals, but the article refers to 
103 animals. No mention is made of the remaining 62 animals used in 
the experiments for which the results are reported. 
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In addition, one of the veterinary anesthesiologists commented that the 
reported data from an experiment on cerebral blood flow also raise 
questions about whether the model produces graded responses. (See 
tables IX.6 and 1X.7.) Animals used in that experiment were wounded at 
different energy levels and were differentiated by the presence or 
absence of blood clots in the brain postwounding. However, data for 
injuries inflicted at different energy levels were aggregated for 
reporting. 

A High Failure Rate for Model The second LSU proposal estimates the number of animals needed for the 
research and plans for a “failure rate” of about 14 percent; that is, 
about 14 percent of the animals used in the experiments were not 
expected to provide usable data. The average actual failure rate has 
been about 2-l/2 times greater than that estimated. Data LSU provided 
us in November 1989 show the disposition of 648 cats used in the pro- 
ject’s 33 experiments (see app. X). On the basis of these data, the failure 
rate averaged 37 percent, ranging from about 14 percent to 61 percenLH 

Two veterinary anesthesiologists commented that there are no generally 
accepted criteria for establishing the failure rate of a model. They stated 
that the rate depends on the nature of trauma and can be higher in the 
early stages of model development. The four anesthesiologists who com- 
mented on the failure rate of the WLJ experiments said, however, that 
the rate was unacceptably high, especially for animals that were not 
wounded. Two of these four anesthesiologists commented that it is an 
indication that (1) a predictable model was not developed; (2) too many 
variables were uncontrolled; or (3) the response to head trauma is so 
variable that a progressive model cannot be produced. 

In some experiments, the ratio of animals providing usable data to total 
animals used did not seem to improve over time. For example, one 
experiment- referred to by LSU as a “behavioral” experiment-was 
critical to the drug-testing objective of both contracts. All of the animals 
in this experiment were wounded at the 0.9-joule level (the lowest 
energy level used to inflict the brain injury) because the animals needed 
to survive so they could be used for long-term drug testing. This experi- 
ment used a total of 52 cats in three groups, 1986, 1988, and 1989. (See 

‘The data list the following as unusable: 3 “pilot study” animals, 4 “assay check animals,” 6 “tech- 
nique development” animals, and 9 “unsuccessful initial experiment” animals. Eliminating these 22 
animals-which may be considered as part of the model development-reduces the failure rate to 
about 34 percent. The reasons why these animals were excluded include “died after wounding,” 
“massive brain bleeding, ” “ICP outside acceptable levels,” “ overnight deaths,” and “physiological 
instability prewound.” 
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The Army’s contracts with LSU for brain wound research do not violate 
the law limiting the use of dogs and cats in DUD projects. However, the 
Army’s management of the contracts has been inadequate. A number of 
significant changes were made to the research scope and methodology 
specified in the research objectives and contract requirements; in most 
cases, the Army was not notified of these changes. They could have 
been detected from progress reports submitted to the Army, but con- 
tract file documentation does not indicate such an effort. Moreover, pro- 
gress reports frequently were not filed within the periods required by 
the contracts. 

In general, the Army has appeared to take little notice of the research 
performance; the Army has also made no apparent effort to ensure that 
the work specified in the contracts was performed or was performed in 
such a way that it would contribute to the body of knowledge about 
treating brain wounds. Despite detailed operating procedures 
delineating contract-monitoring responsibilities, the contracts have been 
poorly monitored and technical assistance has not been provided when 
it would have appeared to be appropriate. 

Contracts Do Not A portion of the funds for the current IXJ contract with the Army was 

Violate Public Law On 
provided by DOD’S Appropriations Act for Fiscal Year 1988 (P.L. lOO- 
202). Section 8056 of this law contains the following provision: 

DOD Use of 
Cats and Dogs None of the funds appropriated by this Act shall be used to purchase dogs or cats or 

otherwise fund the use of dogs or cats for the purpose of training Department of 
Defense students or other personnel in surgical or other medical treatment of 
wounds produced by any type of weapon. . . . 

Because the,rsu contracts are research efforts and not training, the use 
of cats in this project does not violate this law. 

The language of the provision has been included in the general provi- 
sions section of non appropriations acts every year since fiscal year 
1984. 

Contract Performance The Army contract-monitoring procedures-for example, site visits and 

Poorly Monitored 
review of progress reports-provide the means for determining whether 
the research activities are consistent with contract requirements and Y 
ensure that the results of the research will be of value. The COR has the 
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primary responsibility for (1) ensuring that a contract’s technical objec- 
tives are met and (2) guiding and evaluating the research performance. 

During the course of this research project, assignment of CORS has lacked 
continuity. At times, the contract has not had a COR. Site visits have 
been made infrequently; contractually required progress reports have 
often been submitted late, combined with other reports, or not sub- 
mitted at all. COR technical review of reports was not thorough. 

COR Has Primary 
Responsibility for 
Monitoring Technical 
Aspects of Research 
Performance 

The Army’s contracting officer stated that the Army uses contracts, 
rather than grants, as the method of acquiring research because con- 
tracts provide for more control over performance. Contract specialists 
assist in the legal and financial aspects of contract monitoring. Addition- 
ally, the Contracting Officer’s Representative (COR) is appointed to mon- 
itor the technical and scientific aspects of the contract. The COR manages 
through site visits and reviews of contractor progress reports. 

Although contracts facilitate the Army’s control over its research 
projects, they still allow for contractor flexibility since agreed-on 
research objectives may be changed by notifying the Army and 
obtaining its approval. The contract requires quarterly and annual pro- 
gress reports, as well as a final report at the conclusion of the research 
project. The Army has the authority to redirect the research effort or to 
terminate the effort at the convenience of the government. 

The technical monitoring responsibilities of the COR are contained in the 
Army’s Acquisition Guide for Contracting Officer’s Representatives and 
Program Officers and include 

. directing the contractor to redirect the contract effort or shift, work 
emphasis between work areas or tasks within the scope of the work, 

. providing information to the contractor concerning the work, 
l reviewing and approving the required reports from the contractor, and 
l conducting animal care and use inspections to ascertain compliance with 

federal regulatory requirements. 

The Guide also suggests that a dialogue be maintained between the con- 
tractor and the COR. According to the Army’s contracting officer, there is 
no set number of monitoring visits for a research project, although 1 
visit per year is the goal. 
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At Times No COR Although the COR has a critical role in monitoring the technical aspects 

Monitored the Contractor’s of research performance, there has been no COR for a significant portion 

Performance of the time the LSU contracts have been in effect. Since the first LSU con- 
tract became effective in 1983, four different CORS have been appointed 
to monitor the contracts. However, for two periods (one 6 months; 
another, 5 months), no COR was responsible for monitoring. Further, for 
a 19-month period in the second contract, a contract specialist moni- 
tored legal and financial aspects as well as technical and scientific 
aspects without the guidance or assistance of a scientist or doctor. Thus, 
for 30 of the total 71 months or about 42 percent of the time the con- 
tracts had been in effect, only a contract specialist was assigned to mon- 
itor both the legal and scientific aspects of contract performance. 

Further, the lack of continuity in CORS might have disrupted the consis- 
tency and level of the monitoring, oversight activities. Army officials 
explained that the difficulty in maintaining COR continuity stems from 

0. the mission-driven reassignment of personnel. 

COR’s Monitoring Limited Since the research began, the Army’s COR for this contract made infre- 

and Lacked Depth quent site visits to the project. Further, the reports prepared on these 
visits do not indicate any follow up of concerns noted in the reports. 

The first visit to the LSU brain wound laboratory was made by the 
Army’s animal use review officer, not by the COR. The visit was made on 
July 20, 1984, about 1 year into the performance period of the first con- 
tract. The trip report indicated that after initial delays, the contractor 
proceeded to develop a wounding technique that produced a predictable 
wound and was making progress toward the overall research objectives. 

The first visit made by a COR was on February 21,1986-Z months 
before the performance period of the second contract was to begin and 
about 8 months after the Army sent the research proposal, which 
resulted in the second contract, for peer review. The trip report, 
although general, was supportive of the project. For example, in the 
report, the COR stated that the project was very productive and cost- 
effective up to that point because three manuscripts for publication 
were nearing completion, with two more possibly to follow. The report 
also indicated, however, concerns with the model. There was no indica- 
tion in the report or other documentation in the contract file that the 
Army took any action on these concerns. 
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The second, and last, site visit by a COR was made on June 5, 1987- 
about 14 months into the second contract. The trip report indicated that 
the performance appeared to be in full compliance with the terms of the 
contract and that no deviation from the stated research objectives was 
expected. However, before the COR'S visit, in June 1987, experiments 
were conducted that were not included in contract objectives. For 
example, laboratory notebooks show that from May 27 to June 17, 1987, 
experiments were completed on four animals to “perfect a cerebral ven- 
tricular cannula for chronic measurement of ICP and CSF [cerebrospinal 
fluid] sampling.” 

The COR'S review of the first contract’s final report and the last annual 
report also suggest that appropriate attention was not given to deter- 
mining whether (1) the research as performed followed the required 
scope of work or (2) there were any reasons for not following the con- 
tract requirements. For example, testing treatment drugs was an objec- 
tive of the first contract, yet the principal investigator stated that no 
drugs were tested. 

The Army officials maintain that CORS have a variety of demands made 
on their time in addition to those basic to the position. The current COR 
stated that he tries to “keep on top of the [LEN] contract,” but that he has 
several other contracts for which he is responsible, supervises a 30- 
person division, and is running his own intramural research projects at 
Letterman Army Institute of Research. 

This COR also stated that he relies on the reports submitted by ISU and 
expects LXJ to call him if contract problems occur. He stated that 
because of his other duties, he has visited the ISU laboratory only twice; 
in addition, on occasion, he calls LSU, but he maintains no records or teIe- 
phone logs that indicate the frequency of these contacts or the subject 
matter discussed. 

Required Reportin 
Frequently Late 

The majority of the required contract reports (quarterly and annual pro- 
gress reports and the final report on the first contract) have been sub- 
mitted to the Army late. Except for one reference in the trip report, filed 
after a site visit to the laboratory, little evidence indicates that the 
Army has attempted to enforce its reporting provisions. 

Y 

Language in the second contract underscores the importance of the 
quarterly reports as the most immediate and direct contact between the 
contractor and the COR. The annual report is to include these parts: a 
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complete, clear summary of the previous year’s research activities; a 
comprehensive data presentation to provide a complete, accurate record 
of research findings; a summary of statistical tests used and level of sig- 
nificance obtained; the number of observations for averaged data; and 
all experimental methods used during the reporting period, referenced 
to formal publications or presented in enough detail so that another 
investigator, working from the annual report, could repeat the 
experiments. 

The final report is to be a summary report covering the entire term of 
the contract. The report must present an interpretation of the data and 
findings of the completed project, including explanations for unexpected 
results or those that do not fit within the working hypothesis. 

According to the terms of the two contracts, as of October 15, 1989,23 
quarterly reports, 4 annual reports, and 1 final report should have been 
submitted to the Army.1 However, 3 of the 23 quarterly reports were not 
submitted; 18 of the remaining 20 (90 percent) were submitted late, 
ranging from 2 days to 5 months late. One annual report was submitted 
in combination with the final report on the first contract. The remaining 
annual report, covering the period from April 1988 to April 1989, had 
not been received as of October 1, 1989. The final report for the first 
contract was 13,5 months late; by the time it was submitted, work on the 
second contract had been under way for 10 months. 

Project Changes ISU did not make changes to the research scope and methodology recom- 

Recommended by the mended by the Army peer review panel evaluating the proposal for the 

Army’s Peer Review Panel second contract. The Army stated that ISU was not required to respond 

Not Made 
to Army peer review comments because they were intended for internal 
Army use in ranking the scientific merit of all proposals submitted for 
possible funding. 

The minutes of the Army peer review panel meeting, during which the 
IYIJ proposal (among others) was evaluated, stated: 

The investigator needs to address two problems before finalizing the protocol. First 
the enormous size and complexity of the project needs to be reduced. They have 

‘The first contract states that (1) quarterly reports are to be submitted within 15 days after the 
quarter ends; (2) annual reports are to be submitted concurrently with the annual renewal request; 
and (3) the final report, within 90 days after contract expiration. (The second contract states that 
quarterly reports are due on the date the quarter ends; annual reports are to be submitted within 30 
days of the end of the reporting period.) 
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proposed that a total of 220 cats be purchased and used during the first year. The 
many different experimental groups would seem to reduce the size of any single 
group to a fairly small number. For example, one of the experimental groups is 
planned to consist of only six cats in each of the normotensive [normal blood pres- 
sure] and hypotensive [low blood pressure resulting from major loss of blood 
through hemorrhage] study groups. The measurements they intend to make can be 
expected to be extremely variable, and a group of six animals would be likely to 
produce scattered data with very little clear interpretation possible. It seems that 
this is a bit of a fishing expedition, and while such an approach to an important 
problem may in fact be worthwhile, one should give oneself the best opportunity to 
derive meanlngful data. The project might benefit from fewer studies with more ani- 
mals in each group in order to produce more consistent data. 

The second problem is the proposed use of the Wiggers model for hypovolemic [low 
blood volume] shock. This introduces unnecessary complications by reinfusing the 
shed blood, which can be expected to contain all of the mediator substances that are 
activated in the animal during hypovolemia. This seems to add an unnecessary com- 
plication to the already complex model. . . In fact, the use of hypotensive and 
normotensive animals is a compounding of the problems, and [it] seems that the ini- 
tial approach might be simplified even further by studying only normotensive ani- 
mals without all of the potential artifacts of the hypovolemic model. 

During our visit to ISU in February 1989 to discuss the research project, 
ISU acknowledged that the Army communicated these concerns to them. 
LSU did not make the changes, however, because the research team did 
not believe it was necessary. 

Contractor Made Scope The panel commented that many of the changes made in the scope and 

and Methodology Changes methodology were to be expected because changes in research protocols 

Without Obtaining the are often made in the course of a research project-after the project 

Army’s Approval 
starts and problems are encountered. The panel believes that these 
changes improved the research effort. We noted, however, that some 
methodological changes were made in areas that experts had raised 
questions about, such as changes in general anesthesia. Further, many 
of these changes were made without getting prior written approval-as 
contractually required-from the Army. 

As to change procedures, both contracts state that 

Written approval of the contracting officer shall be obtained prior to change of the 
methodology or experiment, stated objectives of the research effort, or the phenom- 
enon or phenomena under study. 
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For the first contract, the Army approved UXJ requests for modifications 
in the project’s time, costs, and objectives (deletion of BBB work). How- 
ever, other changes to objectives were made without the written 
approval of the contracting officer. For example, the principal anes- 
thetic for the research was changed with no documented approval. 
Although the research proposal indicated that halothane, an inhalant, 
would be used as the principal general anesthetic, it was replaced with 
pentobarbital, a difficult anesthetic to control. This substitution was not 
documented until the first contract’s final report, dated February 10, 
1987. Similarly, throughout the performance of the second contract, 
pentobarbital was used predominantly rather than the inhalants indi- 
cated in the proposal. 

Technical Assistance The contract-monitoring procedures give the Army the opportunity to 

Not Provided When It 
provide technical assistance, to guide and direct aspects of the research, 
and to participate in decision making during the project; these proce- 

Might Have Been dures increase the probability of a successful project. The Army pro- 

Appropriate vided technical assistance early in the research effort, when the 
researchers experienced difficulties with the gun. Assistance was not 
provided at other times, however, when it appeared to be appropriate to 
direct or participate in decision making to help resolve performance- 
related issues, For example, changes to the anesthetic protocols the 
Army reviewed and approved would appear to have warranted at least 
an inquiry from the COR about the reason for the change and how this 
change might affect research results, if at all. 

The earliest reported indication that LSU changed the anesthetic came 
after work on the first contract was completed; however, an inquiry 
would have still been relevant to determine its impact on the second con- 
tract. This report (submitted 10 months into the performance period of 
the second contract) also indicated that the trauma model has limita- 
tions for drug testing because of the small time period between recovery 
from anesthesia and the point in time when wounded cats appear per- 
fectly normal-3 to 4 days. Since drug testing was also an objective of 
the second contract, notice of the trauma model’s limitations is a reason- 
able basis for inquiry and assistance from the Army. 
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Conclusions The Army entered into two consecutive research contracts with LSU: (1) 
to study the pathophysiology of brain wounds and (2) to develop a drug 
treatment protocol that would be effective in treating soldiers on the 
battlefield who are brain injured by shell and other fragments. These 
soldiers could then be returned to duty, thereby conserving military 
fighting strength. The ~LNJ research effort has been under way since 
1983. 

The medical panel that met at GAO, in June 1989, concluded that 
research in this area is important because (1) no one else is working in 
this particular area and (2) the research model is unique. Although most 
panel members raised some concerns about the performance of the 
research in several areas, the panel concluded that the project had merit 
and funding should continue. Given that the areas about which panelists 
expressed concerns -management of general anesthesia and postopera- 
tive care-could affect some aspects of the research results, GAO 
reviewed these areas further. 

The veterinary anesthesiologists we consulted had several concerns that 
raised doubts about the validity of some of the research results.1 Their 
specific concerns included 

lack of anesthesia and postoperative-care records for individual animals 
used, 
imprecise control of the anesthesia, 
inappropriate method of administering the anesthetic, 
no consideration of how postoperative care affects results, 
no postoperative analgesics to assure optimal pain relief for experi- 
mental animals, 
incongruities in reported blood gas data, 
the trauma model’s lack of different responses to injuries of increasing 
severity, 
the trauma model’s high failure rate, and 
discrepancies between the number of reported and unreported animals 
used in experiments. 

We believe that these concerns, taken together, suggest the need for 
careful assessment of the project’s future. 

‘One concern was about the particular anesthetic, pentobarbital, which was used in the research. It 
has essentially been replaced as an anesthetic in veterinary medicine by inhalants. 
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We do not know whether the concerns discussed above would have been 
identified and resolved earlier in the contract period if the Army had 
properly managed the technical performance of the LSU research. We 
found, however, that the Army’s management of the contracts has been 
inadequate. The Army did not enforce the provisions of the contract 
with IN, follow Army procedures for monitoring the performance of the 
research, or provide technical assistance when appropriate. 

Recommendations to We recommend first that the Secretary decide if the project benefits 

the Secretary of 
Defense 

have been substantially achieved already. If so, the Secretary should not 
continue the project. 

If the Secretary finds that the benefits have not been substantially 
achieved, we recommend that he review the concerns raised in this 
report to determine if continuing the contract will produce additional 
useful information. If, after this review, the Secretary finds it desirable 
to continue the project, then we further recommend that he ensure that 
the concerns we identified have been resolved. 

DOD and LSU 
Comment% 

DOD and JSU provided written comments on a draft of this report. DOD 
partially agreed with our findings for the Army’s management and mon- 
itoring of the Isu contract; DOD has taken corrective actions. In addition, 
DOD concurred with our recommendations for DOD procedures relating to 
decisions on whether to continue funding of the LSU project on brain- 
wound research. DOD has scheduled reviews and assessments of the 
brain-wound research to implement these recommendations. 

WD and UXJ disagreed with our observations on scientific issues related 
to 

. control of general anesthesia and its potential effect on some research 
results; 

l the effect and adequacy of postoperative care; and 
. other aspects of research performance including questions about (1) the 

possible recording of measurement errors in blood gas values, (2) the 
ability of the trauma model tp produce predictable graded responses, (3) 
failure rates during the performance of the project, and (4) concerns 
about data-reporting methods. 

IN also disagreed, in part, with the process we used to conduct our 
review. 
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We believe that both the process used to conduct our review and the 
concerns raised are valid. Members of our medical panel expressed con- 
cern that poor anesthetic and postoperative management could modify 
or skew some research results. After panel members raised these con- 
cerns, we consulted veterinary anesthesiologists, a specialty not repre- 
sented on our panel, to explore these concerns further. Professional 
differences of opinion exist on these scientific issues. Our recommenda- 
tions are intended to focus DOD'S attention on these issues as it decides 
whether to continue the LSU project. 

The following is a summary of the DOD and LSU comments along with our 
response. The full text of the DOD and ISU comments are presented in 
appendices XI and XII respectively. 

Conduct of Our Review LSU (see app. XII) raised concerns about the conduct of our review and 
our use of the comments from the medical panel. Our review, LSU said, 
did not allow an exchange of information between qualified scientists 
and did not permit the medical panel to visit the ISU laboratory. ISU also 
said the medical panel worked solely from information selected from the 
laboratory by us. 

It was not our intention to model our study on peer review processes, 
such as those used at the National Institutes of Health or other grant- 
giving organizations. We provided our panel members the same informa- 
tion available to the Army when it peer reviewed the contract proposals 
and monitored contract performance on the basis of reports received 
from ISIJ. In conducting a study, we typically use multiple approaches, 
such as engaging consultants and collecting our own data, as appro- 
priate. It is often difficult to reach consensus among experts with 
diverse backgrounds, especially when addressing a broad range of 
highly technical issues, In the final analysis, we have responsibility for 
both the study approach and the conclusions drawn. 

In our review of the ISU project, we did not “independently” (see app. 
XII) select information to provide to our medical panel from the labora- 
tory notebooks, staff, or any other source. The only information we pro- 
vided to the panel consisted of (1) the first and second contract 
proposals, (2) the final report on the first contract, (3) one of two 
required annual reports for the first contract, (4) two of the three 
required annual reports for the second contract, and (5) three of the 
four required quarterly reports for the third year of the second contract. 
IS17 had not submitted the missing annual and quarterly reports, as 
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required by the contract, to the Army. We provided the proposals and 
reports to the panel and did not conduct independent analyses of the 
documents as input for the panel’s deliberations. 

In addition, we provided the panel with information on the anesthesia 
used in the experiments, the number of experiments performed, and the 
number of animals used in each experiment. This information was gath- 
ered, at our request, by the ISLJ research staff and reviewed by the prin- 
cipal investigator. We did not interpret this information in any way and 
simply photocopied the data that LSU typed and provided to us. For 
example, LSU states that we incorrectly reported that the principal 
investigator performed 33 types of experiments when his data clearly 
indicated that there were only 9 “areas of research interest” (see app. 
XII). However, it was ISU’S organization and categorization of the data 
into 33 types of experiments that we reported. (See app. III for the ISlJ 
research team’s descriptions, in June, of the experiments, with updated 
information from the team in September.) 

We did prepare a list of questions to guide the review and requested 
each panel member’s comments on these questions. The questions, along 
with the individual responses of panel members, appear in appendix V. 

Control of G 
Anesthesia 

,eneral DOD and ISU disagreed with our assertions that the LSU studies lacked 
proper dose control of the anesthesia and, therefore, raised doubts 
about the validity of some of the research results. Our report was modi- 
fied to recognize that injections of pentobarbital into the animals’ 
abdominal cavities were accompanied by IV injections as needed (see pp. 
5, 22, and 23). We maintain our position, however, that we saw no evi- 
dence in the documentation that the anesthesia was precisely regulated 
and in accordance with established protocols for the project (see app. 
III, pp. 187-190 and 206-207 for statement of the protocols). 

Members of our medical panel expressed concerns about the potential 
effects of the anesthetic agent and the method of administration. The 
panel members did not specifically outline the deficiencies of the anes- 
thetic management, but expressed concerns that poor anesthetic and 
postoperative management could modify or skew some research results. 
The role of the veterinary anesthesiologists, a specialty not represented 
on the panel, was to explore these concerns further. Our board-certified 
veterinary anesthesiologists are preeminently qualified to judge matters 
pertaining to anesthetic methods, postoperative care, and general pres- 
entation of data. 
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Effect and Adequacy of 
Postoperative Care 

DOD stated that “All cats used in the Louisiana State University study 
were terminal, either they died as a result of the study or were 
euthanized for histopathological examination.” We disagree. LSU states 
in its comments that about 13 percent of all cats used in the experiments 
were allowed to survive. Our records indicate that about 33 percent of 
the animals lived from 24 hours to several years after the 6-hour experi- 
mental period. In addition, LSU’S final report on the first contract 
presents results on brain water, sodium, and potassium levels for ani- 
mals up to 7 days postwounding (see figures 1X.1,1X.2, and IX.3 in app. 
IX). Consequently, we also disagree with the DOD position that postoper- 
ative care was not relevant to the research design and analysis. 

Although ISU maintains that animals were monitored, our reviewers 
wanted to know who monitored the animals and how frequently. Given 
the absence of detailed records of the actual care provided the animals 
who survived the B-hour experimental period, our concerns about post- 
operative care remain unanswered. We believe the burden of proof rests 
with the principal investigator to show that research results have not 
been skewed by inconsistent or undocumented postoperative treatment. 

Questions About Other 
Aspects of Research 
Performance 

DOD and IN disagreed with our observations about other aspects of 
research performance that raised questions about the validity of some 
of the reported results. Specifically, DOD and LSU disagreed with observa- 
tions pertaining to (1) possible errors in blood gas measurements, (2) 
whether the ISIJ model produces predictable graded responses, (3) the 
high failure rate of the trauma model, and (4) concerns about data- 
reporting methods. 

After reviewing the additional information provided, our primary veter- 
inary anesthesiologist believes that the explanations are not sufficient 
to alleviate concerns about the potential effect of our observations on 
the reported results. The importance of these differences of opinion is a 
matter of interpretation and, therefore, our recommendations refer 
these issues for consideration and resolution by the Secretary of 
Defense. 

Army Monitoring of 
Contract Performance 

DOD partially agreed with our observations about shortcomings in the 
Army’s monitoring of contract performance. DOD noted that although the 
Army contract system encourages the COR to conduct annual site visits, 
most problems that arise on contracts can be handled by telephone. DOD 
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has taken steps to make sure future telephone contacts are fully docu- 
mented. DOD and IN also agreed that the principal investigator fre- 
quently missed required reporting dates. According to DOD, an 
enforcement mechanism has been established that requires the contract 
specialist to return all vouchers unpaid to the contractor if required 
reports have not been submitted on time. 

DOD said that LSU was not required to respond to the Army peer review 
comments because they were intended for internal use by the Army in 
ranking the scientific merit of all proposals submitted for funding. DOD 
stated that subsequent contract changes by LSU did not constitute 
changes in methodologies, stated objectives of research effort, or the 
phenomena under study. However, DOD agreed that revisions, such as 
changes in general anesthesia, should have been discussed with the 
Army before implementation. DOD has advised research investigators, 
for the future, to follow such procedures before making contract 
changes. 

Adequacy of Technical DOD partially agreed with our observation that technical assistance has 

Assistance not been provided by the Army when it might have been appropriate. 
DOD reached this position because it cannot verify the level of technical 
assistance actually provided given the lack of documentation. 
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Proposal I 

IYU’S first proposal resulted in a contract, “The Effects of an Experi- 
mental Missile Wound to the Brain on Brain Electrolytes, Regional Cere- 
bral Blood Flow and Blood Brain Barrier Permeability; The Treatment of 
the Resultant Disorders.” This contract began on July 1, 1983, and 
ended on December 31,1985. The following is the complete proposal, 
except for the “Detailed Budget” and the “Budget Justification”, which 
were deleted by the Department of the Army. Personal information on 
the principal investigator was deleted by us. 

.-. ..---.._-- 

The Effect of an Experimental Missile Wound to the 

Brain on Brain Electrolytes, Regional Cerebral Blood Flow and 

Blood Brain Barrier Permeability; 

The Treatment of the Resultant Disorders 

Starting Date - March 1983 

Duration of Support - 3 years 

Principal Investigator: Michael E. Carey, MD 

Professor of Neurosurgery 

Department of Neurosurgery 

LSU Medical Center 

1542 Tulane Ave 

New Orleans, LA 70112 

(504) 588-8123 

Louisiana State University Medical Center, 1542 Tulane Ave, New Orleans, 

LA 70112 

Principal Investigator School Official 
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SCHOOL OF 
MEDICINE IN NEW ORLEANS 
Louisiana State University 
Medical Center 
1542 Tulane Avenue 
New Orleans, LA 70112-2822 
Telephone: (5041 588-6120 

Oetmrtment ot Neurosurgery 
January 24, 1983 

Commander, Letterman Army Institute 
of Research 

ATTN: SGRD-ULZ-RCM/B. McHenry 
Presidio of San Francisco 

California 94129 

Dear Mrs. McHenry: 

Thank you for your recent phone calls concerning my missile 
wound project. 

The animal care area at LSU is staffed by two full time vete- 
rinarians (Drs. Gonzales and Longorla) who are fully capable 
of dieqnosing feline diseases (and all laboratory animal dis- 
eases). Each began practicebefore Veterinary Boards were in- 
stituted and each has approximately 20 years laboratory animal 
experience. The animal quarters are AAALAC approved. The 
quarters are air conditioned and maintained at 72-75'F, ambient 
humidity. Only one cat will be housed in each cat cage. The 
dimensions of the cages are 4 square feet (floor) x 24 inches 
high. They will be fed Purina cat chow and the cages will be 
cleaned daily by animal care personnel. They will be sanitized 
every other week. Any desired day-night cycle can be requested 
and we will use 12 hours light-12 hour dark. I have read the 
brochure "Guide for the care and use of laboratory animal " DHEW 
(NIH) 78-23, 1978. Animals will be housed and treated according 
to these precepts. 

The cat has been wide:~2~s~g,$ 'n experiments on brain electro- 
lytes and brain edema . Cats have a so been used for 
microsphere, 6 blood flow experiments6~7~*~g*1 . The most re- 
cent ballistics experiments in the literature have used monkeys 
(grant refs 19-26 p 32-33) but I feel that this is far too ex- 
pensive a model. Monkeys will not provide significantly better ynr..-rr 
brain data than cats. Irsiglerll at the Kaiser Wilhelm Institute 
in Berlin studied ballistic brain lesions in cats quite success- 
fully. 

School of Allmd Health Profewons School of Graduate Studioa School of Madlcms 8” Shreveport 
” School of Dentistry School of Medicfine in Nsw Orlean School of Nursing 
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

w 

Craxiani L J, Escriva A: Calcium exchange between brain and 
blood in cats and immature and adult rats Neurology 19:314- 
315, 1969 

Bradbury MWB, Kleeman CR, Baqdoyan H, Berqerian A: The calcium 
and magnesium content of skeletal muscle, brain and CSF as de- 
termined by atomic absorption flame photometry J Lab Clin Med 
71:864-892,1966 

PappiuS HM, Oh JH, Dossetor JB: The effects of rapid hemo- 
dialysis on brain tissues and CSF. Canad J Physiol Phamacol 
45:129-147: 1967 

Pappius HM: Effects of steroids on cold injury edema.in Reulen 
HJ, Schurmann K (eds) Steroids and Brain Edema, New York, 
Springer-Verlaq 1972, p 57 

Long DM, Maxwell RE, Choi KS et al: Multiple Therapeutic Ap- 
proaches in the treatment of brain edema induced by a standard 
cold lesion. in Reulen HJ, Schurmann K teds) Steroid and Brain 
Edema, New York, Springer-Verlaq 1972 p 87 

Alm A, Bill A: The oxygen supply to the retina. 11 Effects of 
high intraocular pressure and increased CO2 tension on uveal 
and retinal blood flow in cats. A study with labelled micro- 
spheres including flow determinations in the brain and other 
tissues 
Acta Physiologica Stand 84:306-319, 1972 

ibid: The effect of stimulation of the cervical sympathetic 
chain on retinal oxygen tension and uveal retinal and cere- 
bral blood flow in cats. 
Acta Physiologica Stand 88:84-94 1973 

Fara JW, Madden K: Effect of secretin and cholecystokinin on 
small intestinal blood flow distribution. 
Am J Physiol 229:1365-1370, 1975 

Nissen 01, Calskov A: Direct measurement of superficial and 
deep venous flow in the cat kidney. 
Circ Rea 30: 82-96, 1972 

Reneman RS et al: Vertebral and carotid blood distribution 
in the brain of the dog and cat. Cardiovascular Research 
8:65-72 1974 

Irsigler FJ: The healing process of experimental brain wounds 
in the case of open and closed brain lacunae.Zentr fur Neuro- 
chir 7: l-43, 1942 
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(2) 

I hope this provides the information you wish. 

Sincerely, 

MEC:edh 

M.D. 
Professor of Neurosurgery 
L.S.U. Medical Center 
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Grdzidni L J, Escriva A: Calcium exchange between brain and 
blood in cdts and immature and adult rats Neurology 19:314- 
325,1969 

Brddbury MWB, Kleeman CR, Baqdoydn H, Berqeridn A: The calcium 
and mdqneafum contant of Skeletal muscle, brain and CSF as de- 
termined by atomic absorption flame photometry J Lab Clin Red 
71:884-892,1968 

PdppfUS HM, Oh JH, Dossetor JB: The effects of rapid hemo- 
dialysis on brdfn tissues and CSF. Cdndd J Physiol Phamdcol 
45:129-147, 1967 

PdppiUS MM: Effects of steroids on cold injury edemd.in Reulen 
x.7, Schurmdnn K (eds) Steroids dnd Brain Edema, New York, 
Springer-Verlaq 1972, p 57 

Long DM, MdXWAll RE, Choi KS et al: Multiple Therapeutic Ap- 
proaches in the treatment of brain edema induced by a standard 
cold lesion. in Rsulen HJ, Schurmdnn K lads) Steroid,- and Brain 
Edema, New York, Springer-Verlaq 1972 p 67 

Alm A, Bill A: The oxygen supply to the retina. 11 Effects of 
hiqh intraocular pressure and increased CO2 tension on uveal 
and retinal blood flow in cdts. A study with ldbelled micro- 
spheres including flow determinations in the brain and other 
tissues 
Actd Physiologicd Scdnd 84:306-319, 1972 

ibid: The affect of stimulation of the cervical sympathetic 
chdin on retinal oxygen tension and uvedl retinal dnd cere- 
bral blood flow in cats. 
ACtd Physiologica SCdnd 88:84-94 1973 

Fard JW, Madden K: Effect of secretin and cholecystokinin on 
small intestinal blood flow distribution, 
Am J Phyaiol 229?1365-1370, 1975 

Ni8aen 01, Calskov A: Direct measurement of superficial and 
deep venous flow in the cdt kidney. 
Circ Rea 302 82-96, 1972 

Renomdn RS et al: V8rtebrdl and CdrOtid blood distribution 
in the brdin of the dog and cat. CdrdiOVdSCUldr Research 
8~65-72 1974 

IrSigler FJ: The hedling process of experimental brain wounds 
in the Cd110 of open dnd closed brain ldcunde.Zantr fur Neuro- 
chir 7: l-43, 1942 

J 
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The Effect of an Experimental Missile Wound to the 

Brain on Brain Electrolytes, Regional Cerebral Blood Flow and 

Blood Brain Barrier Permeability; 

The Treatment of the Resultant Disorders 

Starting Date - March 1983 

Duration of Support - 3 years 

Principal Investigator: Michael E. Carey, MD 

Professor of Neurosurgery 

Department of Neurosurgery 

LSU Medical Center 

1542 Tulane Ave 

New Orleans, LA 70112 

(504) 588-8123 

Louiiana State University Medical Center, 1542 Tulane Ave, New Orleans, 

LA 70112 

Principal Investigator School Official 
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BIOORAPHICAL SKKTCH OF PIUNCIPAL INVESTIGATOR 

Michecl B. Carey, MD 042-28-4206 

Pertinant personal and educational background are provided in the CV. 
I began neurosur ical practice in Hartford, Connecticut in 1967. Drafted in 

1988, I served as Chie B of Neurosurgery at the 312th-Qlst Evacuation Hospital in 
Chu Lai, RVN, Sep 1988-Aug 1989. While there I kept precise records on our 
patients and have published 9 clinical papers relative to war wounds (see CV). I 
have data for several more clinical neurosurgical papers relative to RVN. I have 
reviewed the WDMET head wound data (at Edgewood Arsenal) and presented some 
of this at the 4th International Ballistics Symposium, Gothenberg, Sweden, 1981. 

I have continued in the Active Army Reserve to the present end because of 
my interest in war neurosurgery I am writing the official neurosurgical history of 
the Vietnam War for the Surgeon General, US Army, under the auspices of the US 
Army Historical Department. 

Following active duty in the Army I joined the neurosurgical department at 
Louisiana State University School of Medicine in New Orleans. I have developed a 
very active laboratory interest in physiology. After publishing several papers in 
cerebrospinal fluid physiology, during 1978-1979 I took a sabbatical year in London, 
England to further study physiology with Professors Hugh Davson and Michael 
Bradbury at King’s College, There, I learned many important physiologic concepts, 
strengthened my math abilities and learned how to work with radioisotopes and 
measure braln electrol 
products in rats using r 

tes. Currently in the laboratory I am measuring 3 H20 PS 
14C] lodoantipyrine as the cerebral blood flow marker (the 

Ohno technique to be used during the 03 year of this project). 
I am an actively practicing, Board Certified neurosurgeon working with 

neurosurgical residents at LSU and treating private patients. This busy schedule 
will require a full-time on-site PhD (to be named) and a research associate to make 
the project go hour by hour, day by day. I plan to be at LSUSM-NO for the duration 
of this project. 
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SUMMARY 

In combat the head receives about 20% of all “hits.” Forty percent Of all 
deaths are from brain wounds. Neurosurgical mortality of combat-incurred brain 
wounds was 14% US, WWII; 9.6% US, Korea; and lo-12% US, Vietnam. These data 
indicate no reduction in brain wound mortality for US forces over the past 35 
years. 

Despite the extreme importance of brain wounds as a major source of combat 
mortality (both nonoperative and postsurgical) and the importance of such Aounds 
for long term post-wounding morbidity and disability, I can find less than a dozen 
papers published during the last decade on experimental missile wounds to the 
brain. These papers by and large have concentrated on the brain-missile wound’s 
effect on peripheral phenomena : peripheral vasculature hemodynamics, blood 
pressure, cardiac output, and respirations. Crockard studied many of these 
phenomena as well as intracranial pressure, gerebral blood flow and brainstem 
evoked responses following a missile wound to the brain in monkeys. Those 
experiments, however, measured only gross, hemispheral blood flows. No other 
specific physiological functions of the brain were directly studied. Data from 
these experimenta implicated brainstem dysfunction after a missile wound yet no 
direct physiologic measurements of brainstem function were made. Most seriously, 
however, gross hemispheral blood flows may not reflect blood flow in the critical 
brainstem areas at all. 

In my proposed project I will create a standardized, experimental, nonfatal 
missile wound in cats to study how a missile wound to the brain interferes with 
several of the more important physiologic phenomena associated with normal brain 
function. I will study brain electrolytes; regional cerebral blood flow (CBF) and 
CBF autoregulation and blood brain barrier (BBB) permeability. These physiologic 
?unctions are important to study because brain electrolytes reflect BBB and 
cellular integrity. The braln cannot function unless its blood supply is intact and 
normal BBB permeability provides one of the brain’s chief homeoetatic 
mechanisms. 

Dexamethaaone, mannitol, and ciimethylsulfoxide (DMSO) have all been 
proposed for the treatment of brain wounds. Despite the widespread use of 
dexamethasone in Vietnam for brain wounds there are no experimental data on its 
efficacy following a missile wound. Likewise, experimental data are lacking which 
show a beneficial effect of mannitol or DMSO on the brain. I will evaluate the 
effect of these drugs on brain electrolytes,CBF,and BBB permeability following a 
missile wound to the brain. 

Because current mortallty associated with brain wounds is so high,better 
treatment for those sustaining a brain wound is one of the remaining ways whereby 
a major reduction in combat mortality can be achieved. Better treatment can only 
come from a more sophlaticated understanding of the pathophysiology associated 
with the brain mbslle wound. Decreasing the mortality and neurologic morbidity 
associated with head wounds will result in substantial financial savings to the US 
Army and Federal Government. Ascertaining appropriate drugs with which to treat 
brain wounds may simplify Army purchasing needs and reduce costs. 
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Past Statistical Data 

BACKGROUND 

In modern wars the head receives about 16 to 27% of all 1’hits”1’2 and head wounds 

account for about 40% of all combat deaths.“l During WWI the postoperative neuro- 

surgical mortality was at least 31%.5p6 In WWII postoperative neurosurgical mortality 

for the Allies ranged from 10 to 17%,5Y7*8 whereas in Korea, it was 9.6%.’ Neurosurgical 

mortality for brain wounds incurred in Vietnam was lo-12%.loY11 These data for U.S. 

forcas indicate that there has been no decrease in the overall lethality of head wounds 

and no significant decrease in combat neurosurgical mortality from 1945 to 1975. 

Past Research on Missile Wounds to the Brain 

Despite these facts, little basic research on brain wounds has been done. Through 

WWII, research concentrated on the “explosive” effects of fatal, high-velocity 

missiles12-1b though Webster and Gurdjian,” studied intracranial pressure UCP), blood 

pressure (BP), respiration, and mortality in dogs following a brain missile wound. Recently, 

Gerberl’l restudied the hemodynamic effects of a missile wound to the brain while DjUrdjevic 18 

produced severe, fatal brain missile wounds in dogs. He attributed high ICP after wounding 

to intracranial bleeding (despite the fact that little free blood was found in the cranial 

cavity) and an arterial pressor response. 

Crockard”-” has undertaken the most comprehensive, recent studies on brain 

missile wounds by creating nonfatal missile wounds in adult rhesus monkeys. He found 

good correlation between missile energy and physiological effects. After brain wounding, 

the respiratory pattern changed but arterial blood gases (ABGs) did not. The mean blood 

pressure (MBP) fell, then rose, whereas the ICP rose, then fell. The cerebral perfusion 

pressure (CPP) fell about 50% (CPP q MBP-ICP, mm Hg). Cerebral vascular resistance 

(CVR) increased, and concomittantly cerebral blood flow (CBF) decreased. Cerebral 

blood flow autoregulation failed. These phenomena were attributed to direct brainstem 

effects of the missile altering brainstem vasomotor efferents. Interestingly, cardiac 
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output (CO) was also depressed, Treatment of the brain-wounded monkey with mannitol 

or dimethylsulfoxide (DMSO reduced ICP and increased MBP, CPP, and CBF. These 

drugs were believed to exert their beneficial effects by increasing CO. 

Qualifications of Past Research Efforts 
. 

Although Crockard’s studies admirably brought some modern physiological techniques 

to bear on the problem of brain wounding, it must be noted that he inflicted the missile 

wound through a trephine opening in the skull. Any physiological effects produced by the 

shock wave of a missile first striking bone (as in real life) could not have been observed. 

More important, however, CBF was measured by 133 Xenon wash out and external counting, 

which can only indicate gross, hemispheral CBPs. These may bear no relation to CBF in 

smaller vital brain areas as the brainstem. Furthermore, CVRs calculated from hemi- 

spheral CBF may be totally unrelated to CVRs in critical brainstem structures. Because 

brainstem dysfunction appears to be so important in Crockard’s data, specific knowledge 

of physiologic function there Is important: perhaps brainstem dysfunction following 

missile wounding results from ischemia (vasomotor paralysis) 27 or transient blood-brain 

barrier (BBB) opening. 

Reduction in CO consequent to brain missile wounding appears to be an important 

phenomenon, but Crockard measured CO in only 8 monkeys. Verification of this physio- 

logic effect, perhaps as part of a generalized trauma response, 23 should be attempted in 

other animals. If It Is a constant finding, further delineation and treatment of reduced 

CO may indeed lead to improved brain function in those sustaining brain missile wounds. 

Finally, Crockard’s recent studies only measured three actual brain-related para- 

meters: ICP, hemispheric blood flow and evoked potentials. Many additional and impor- 

tant physiologic measures of brain function should be studied following a missile wound 

because proper and advanced treatment must be designed to minimize physiologic abnor- 

malities in the brain itself. 
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Other Plyaiol@c Parameters Baarlng on Normal Brain Function 

1. Brain Water, Brain Electrolytes: 

The brain is approximately 80% water,28 and normally brain sodium (Na) is 

N 55mEq/liter while brain potassium (K) is -85mEq/liter (Na/K = 0.65). Normal brain 

ion concentrations depend on normal cellular membrane function and an intact BBB. 

BBB disruption produces vasogenic brain edema (VBE). Transient or permanent BBB 

dIsruption allows plasma albumin, sodium, or other osmotically active molecules to enter 

the brain extracellular space (ECS). Water passively follows the passage of these molecules 29 

and the water content of the affected brain increases. 28930 Simultaneously, the Na/K 

ratio increases as brain Na rises and brain K fa11s.28’30931 

Several authors31-33 have reported that dexamethasone decreases VBE after a 

standard, experimental cold lesion. Others, however, have failed to demonstrate beneficial 

effects of steroids on cerebral edema. 28934735 From Vietnam, Hammon” reported a 

10% mortality for brain wounds where dexamethasone was routinely used; Carey,l’ on 

the other hand, did not use steroids in the treatment of brain wounds and reported 12% 

mortality. Thus, both experimentally and clinically, the effect of steroids on traumatic 

brain edema is not totally resolved. I can find no experimental studies on the effect of 

steroids on brain edema or brain electrolytes after a missile wound. 

Crockard found both mannitol and DMSO improved brain function by increasing 

CO. He did not measure possible direct effects of these therapeutic measures on the 

brain. Long 36 showed that DMSO decreased brain water following a freeze lesion but did 

not measure brain electrolytes. We will investigate the actions of dexamethasone, mannitol 

and DMSO on brain water and electrolytes after a missile wound. 

2. The Blood Brain Barrier 

The BBB provides one of the brain’s chief homeostatic, protective mechanIsms.37 

Its permeability has been studied physiologically by perfusing the brain vascular space 

with a graded seried of nontransported, nonmetabolized polar non-electrolytes. Smaller 

molecular weight (MW) molecules, as aminoisobutyric acid (MW 103.Q have smaller 
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diameters than do larger molecules, as sucrose (MW 342), polyethylene glycol (MW 400- 

4000), or serum albumin (MW 58,888) and therefore pass the BBB more readily. The ease 

with which such test molecules diffuse across the BBB (a measure of BBB permeability) 

can be quantified by their so-called permeability-surface area (PS) products. 37 

PS = -CBF Vc ln(l-E) (1) 

= permeability coefficient 
= surface area of capillaries 

CBP f cerebral blood flow 
vc = volume in which the test molecule is dissolved 

during the experiment 
E = the extraction fraction (see equation 7, p 14) 

Alterations of BBB permeability with trauma3g740 or other means 41 has often been 

demonstrated by the leakage of larger molecules, such as Evans-Blue or iodine-labelled 

serum album in40942 from the vascular compartment into the brain EC% [14C] sucrose 

has been used in nontraumatic experimental models to demonstrate transient BBB openings. 43 

Obviously, missile injury to the brain will disrupt the BBB around the missile track. 

Use of serum albumin to estimate BBB permeability will document only the grossest BBB 

disruptions. Smaller BBB openings at a distance from the actual wound can only be docu- 

mented by using smaller test moleducles and quantified by expressing BBB permeability 

mathematically (as by PS). A systematic examination of BBB porosity consequent to 

missile wounding is important because leakage of small vasoactive amines, 44 such ss 

norepinephrine through the BBB could cause regional CBF changes in critical areas, such 

the brainstem. Brainstem ischemia could conceivably explain many of Crockard’s findings. 

After cold injury, apparently steroids decrease BBB permeability, as measured by 

radioactive serum albumin.40942 Whether steroids alter BBB permeability measured by 

other, smaller test molecules is unknown. Furthermore, whether treatment with steroids 

affects the BBB at all after a missile wound is aJso unknown. Despite this fact, steroids 

were widely used in Vietnam. lo Crockard found that mannitol and DMSO improved CC 

and brain function. Whether these drugs have a more direct effect on the missile-wounded 

brain is unknown. We will study their effect on BBB permeability after a missile wound. 
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3. Regional Blood Flow 

Both DjUrdjevic18 and Crockard2 studied gross but not regional cerebral hemisphere 

CBF after a missile wound by 133 Xenon washout. Regional CBF studies would be more 

informative to more fully understand brain missile wounding because within the closed 

skull, energy may be transmitted at a great distance from the actual missile tracx. This 

transmitted energy may cause vascular-ischemic effects throughout the brain. 

We will measure regional CBFs in the brain after a missile wound both by micro- 

spheres and [ 14C] iodoantipyrine. Crockard’s data suggest that reduced CO consequent 

to the brain missile wound lies behind much of the observed brain dysfunction. CO can 

be measured with radioactive microspheres (reference syringe withdrawal method) and 

CO, in turn, is used to calculate regional CBF.4’-55 The microsphere technique, there- 

fore, is particularly appropriate for our intended experiments. 

The Autoregulation of CBF 

CBF autoregulation (constant brain blood flow despite fallihg BP, within limits) is 

an Inherent, protective property of the normal brain vascular system. Classically, CBF 

autoregulation has been tested by hemorrhagic hypotension. CBF autoregulation is very 

important to the combat soldier because, when wounded, severe blood loss and hypotension 

are common. CBF autoregulation tends to prevent brain ischemia in these circumstances. 

More than 50% of those who receive brain wounds in combat also receive other wounds 

and often concomittant hypotension occurs, No experimental data exist regarding CBF 

autoregulation following a missile wound though it is known to be lost following other 

trauma. Crockard inferred that a dysfunction of cerebral autoregulation occurred after 

a brain missile wound but never specifically tested for it by measuring CBF following BP 

reduction. 

Drugs which might improve blood flow to the brain 

After a cold lesion, steroids improve brain function beyond their ability to reduce 

edema.46 Whether dexamethasone improves brain electrolytes or BBB permeability 
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after a missile wound will be studied in these experiments and any imprOVement will be 

correlated with regional CBF changes or CO enhancement. Crockard noted that 

mannitol and DMSO Improved CO. He did not ascertain whether these treatments 

improved regional CBFs. Improvement in brainstem perfusion, for instance, might have 

superseded increased CO. To my knowledge no data exist on whether drugs may enhance 

impaired CBF autoregulation after a missile wound. 

HYPOTEEMS 

A nonfatal missile wound to the brain will cause several important physiologic 

disruptions, among them: BBB permeability increases, vasogenic brain edema, brain 

electrolyte alterations and regional cerebral blood flow changes. Alterations of these 

physiologic functions wilI occur not only adjacent to the missile track but also at a 

distance from the wound, possibly in the brainstem. Such distant alterations may explain 

observed brainstem effects1g-28 associated with a brain wound. 

OBJBCTIVES 

(A) To document the acute changes in (11 brain water and electrolytes; (2) regional 

cerebral blood flow and cardiac output; and (3) BBB permeability consequent to a 

nonfatal missile wound in cats. 

(81 To see whether the use of dexamethasone, mannitol, or 

after wounding minimizes or prevents physiological dysfunction of these 5 variables. In 

our experiments treatment will commence one hour after wounding because, in combat, 

treatment probably would not occur before this time. Though barbiturates have been 

shown to provide some protection for the lschemic brain, 56 they will not be included in 

this study because drowsiness associated with their use would probably render them 

impractical in a combat environment. 

METHOD 

The Missile: We will use the lightest mass (m) test missile possible, a 0.030 gm 

steel sphere fired from a special air gun. The sphere will traverse 2 electronic gates to 
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determine its velocity (v) and allow its kinetic energy (KE) to be calculated: (KE = l/2 

mv2). Preliminary experiments will be done to select an appropriate v such that the 

missile wiII traverse both frontral lobes of the cat rostra1 to the lateral ventricles but 

not exit the brain, Current ballistic theory considers that the Energy of Deposit (ED) 

causes tissue damage. ED = KEtentrance) - KEfexit). If a missile does not exit, KEcexit) 

= ’ and ED = KE(entrance)’ The wound will not be fatal. Relative to total brain weight, 

a 0.030 gm missile in a cat is somewhat larger than most missiles which cause brain wounds 

in humans. This scaling factor will be considered in data interpretation. 

Animals: Cats will be used because they have ample white matter, are small, and 

will not require large and expensive radioisotope doses. They are relatively inexpensive. 

General Preparation: (including preparation for light microscopy-brain water and 

electrolytes) We will place unselected, nonfasting cats initially in a closed chamber 

connected to an anesthesia machine. A Anesthesia will be induced with 3% halothaneB- 

oxygen and maintained on 0.5% halothane. We will insert 2 PE 90’ femoral artery catheters, 

one for BP recordings (precalibrated (RP 1500) transducer D and physiographE) and the 

other for hematocrit and arterial blood gas (ABG) determinations. We will insert a PE 90 

catheter into a femoral vein for saline and drug administration. We will tracheostomize 

the cats, tie in an endotracheal tube, shave the head and swab all wounds with local 

anesthetlc fNupercaineF). We will castG the hind legs to protect the catheters. We will 

use a rectal Hg thermometer to measure temperature, kept at 37 + 1°C by a heating 

blanket. 

After surgery, we wIII tranquilize the cat with phencyclidine l-2 mg/kgH and stop 

the halothane because it alters CBP and CBF autoregulation. 58,59 Two hours later, we 

wU1 briefly anesthetize the cats with methohexital sodium 60 30 mg/kg i.v., place them in 

a stereotaxic frame,’ and connect the tracheostomy tube to a cat respirator’-anesthesia 

machine. We will maintain anesthesia with N20/02::70/30, keeping arterial pC02 -35 

mmHg, p02 -80 mmHg, and pH 7.40. ABGs wilI be measured by ILmicro 313/32fLK One 

hour after methohexital administration, we wilI anesthetize (1% xylocaine)l the left side 

of the scalp through which the missile will enter the skull. The brain will then be shot 
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with a 30 mg steel sphere. Immediately thereafter, we will place anesthetic ointment in 

the skin wound, remove the cat from the stereotaxic frame, and discontinue the N20. 

Phencyclidine, however, will be continued as needed.L’ Post wounding BPS and ABGs 

will be monitored In all cats. 

01 YEAR: Light Microsc~: We will sacrifice experimental Cats at these post- 

wounding times: 10 set, 10 min, 30 min, 1 hr, 2 hr, 3 hr, and 6 hr, three cats for each 

period. Two control cats will be sacrificed immediately after halothane induction; two 

controls will be prepared as experimental cats and sacrificed at 6 hours. (Total Cats: 25) 

Ten minutes before sacrifice, 1 ml of 2% Evans blueM will be given i.v. to aB cats. We 

will give each animal 30 mg/kg methohexital N i.v. 5 set before sacrifice and then 

exsanguinate the cat. The total brain will be quickly removed and suspended by its 

basilar artery in 10% formalin. After adequate fixation, we will section the midbrain 

separating the cerebral hemispheres and adjacent structures from the brainstem- 

cerebellum. All sections will be paraffin embedded. The hemispheres will be sliced 

horizontally in 10,~ cuts. Every 50th slice will be stained (H and E, cresyl violet, or 

Bodian). The brainstem and cerebellum will be sectioned coronaBy and similarly 

sectioned and stained. Appropriate photographs to demonstrate gross damage will be 

taken. We will document all histologic changes micro- 

scopically. The “standard” missile track within the brain will 

thus be delineated; adjacent and distant histologic alterations 

will be documented, both grossly and microscopically. 

Histologic criteria will be used to establish four Kzones” 

of cerebral hemisphere injury at increasing distance from the 

missile track (Fig. 1). We will devise a measuring system to 

ensure that all subsequent cerebral hemisphere samples in all 

further experiments will come from these four demarcated 

zones. All tissue samples will be centered on the plane of the 

missile track (Fig. 2). The following brain areas will be 

delineated and obtained in all subsequent experiments: &A) cored v/au ShO”“p 
Y Bnwn Samp/o In ReRtron 

fo r/imr of ##rri/r 777 
--_..-. - ._ _____ 
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Table 1. Brain Samples 

Cerebral Hemisphere Right Left Total 
Samples 

Zone 

1 (Track) 1 gray, 1 white 1 gray, 1 white 4 

: 
1 gray, 1 white 1 gray, 1 white 4 
1 gray, 1 white 1 gray, 1 white 4 

4 1 gray, 1 white 1 gray, 1 white 4 

Basal Ganglia 1 Right 1 Left 2 
Thalamus 1 Right 1 Left 2 
Mesencephalon 1 Right 1 Left 2 
Polls 1 Right 1 Left 2 
Medulla 1 Right 1 Left 2 
Cerebellum 1 Right Hemisphere 1 Left Hemisphere 2 
Total 28 

01 YEAR: Brain Water and Electrolytes: After wounding, cats for brain water and elec- 

trolyte analysis will receive an 1.~. bolus of methohexital and be sacrificed by exsan- 

gulnation at these timesr 10 set, LO min, 30 min, 1 hr, 2 hr, 3 hr, and 6 hr. We will use 

flve cats for each experimental period. (35 Cats) Control cats will be sacrificed after 

anesthesia but without surgical preparation and at these times after surgical 

preparations similar to that of experimental animals: 30 min, 60 min, 2 hr, 3 hr, and 6 

hr. If anesthesia and surgioal preparations cause brain water and electrolyte changes to 

occur in controla, we wlll need 30 controls (5 for each period). If brain water electro- 

lytes remain stable, we will need only 10 controls (5 without surgery; 5 at 6 hr after 

surgical preparation). 

Brain Water and Electrolytes Following Brain Wounding and Treatment: 

One hour aftv wounding experimental cats wilI receive i.v. one of the following 

drugs: either dexamethasone’ 5.0 mg/kg;‘l mannitolP 0.5 gm/kg (25% solutionla5 or 

DMSOQ 0.5 gm/kg (50% solution)26 q 1 hr until sacrifice. They will be sacrificed 2 and 5 

hr after treatment. We wUI use 5 cats at each time period for each drug (30 

experimental cats). Controls will be prepared as experimentals but not shot. They will 

receive the drugs starting one hour after being placed in the stereotaxic frame and then 

sacrifhed 2 and 5 hr later. Maximally we will need 30 controls. If possible we will 

combine control datn and use fewer cats. 
Y 

- 
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Handling of Brains for Brain Water and Electrolytes: 

lmmedlately after sacrifice (see p. 9) the entire brain will be removed, placed in 

a humidity chamber and dissected to obtain tissue samples per Table 1. SO-100 mg brain 

samples will be placed in washed, deionized (0.75 N HN03) low Na glass, tared pots which 

will be immediately covered and weighed. The samples will then be uncovered placed in 

an oven, R and dried to a constant weight for 48 hr at 1OO’C. Following this, the sample 

pots will be recovered, placed in a dessicator, cooled and reweighed. Brain water = wet 

weight - dry weight; tiesue swelling = AH 0% (100%) -2atJsz;--. (AH20 = the difference in % 

water content of control and experimental tissue and DW% = the dry weight in % of the 

edematous t&sue).62 

Brain char will then be ground and a known volume of 0.75N HN03 added to each 

pot. Brain electrolytes will be leached for 48 hours. The mixture will be centrifuged and 

Nat, K+ and Cl- determined on the supernatant (IL 443iR Buchler ChloridometerAA). 

02 YEAR: Regional CBF and CBF Autoregulation Following a Missile Wound to the Brain 

Determined by Microspheres 

Anesthetic induction and maintenance, cannula insertion, tracheostomy, and 

stereotaxic frame placement will be as in General Preparation (p 7). In addition a 

brachial artery catheter will be placed for BP recording. One femoral artery catheter 

will be advanced retrograde into the left ventricle of the heart for microsphere injection 

(and hematocrit and ABGs). Proximal catheter tip position will be ascertained by BP 

tracing and wilI be checked post mortem. The other femoral artery catheter will be 

attached to a saline-filled 5 ml syringe held in a constant withdrawal pumps (reference 

blood withdrawal). ICP will be measured by an epidural, 5 mm Happenstein balloon 19 

placed through a 8 mm right posterior trephine. The skull defect will be sealed with 

dental acrylic.T The saline filled epidural catheter will be attached to a pressure trans- 

ducer” set at earbar level. We will measure ICPs with each CBF measurement. 
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Microsphere Preparation and Injection 

We will we 3M” 19 + 3/\ diam. carbonized microspheres (Cerium 141, i 148 

KEV] ; Strontium ES [ 814 KEV] and Scandium 48 1890 and 1120 KEVI 1. Each isotopic 

microsphere (MS) injection allows one CBF to be made. We will inject* 1.0 x 10’ 

.microspheres (MS) for each CBF measurement, making a maximum of 3 injections and 

CBF determinations per cat. We will process each MS aliquot as follows:83984 We will 

vortex the 3M MS bottle (0.1 mCi contained in 45 x 10’ MS in 10 ml 10% dextran, 0.05% 

Tweenl, withdraw 1 x lo6 MS in a sterile tuberculin syringe and place this in a plastic 

counting vial. We will bring the volume to 2.0 ml with normal saline (NSl. The vial (or a 

vial aliquotl will be counted on a gamma counter to determine “precounts”. We will 

sonicate the MS-containing vial for 30 min, then vortex it, and remove 2 drops of fluid to 

microscopically check for MS dispersion. The residual MS containing fluid in the vial will 

be withdrawn into a new, sterile 3.0 ml syringe. The now empty counting vial will be 

recapped and counted. The MS-containing syringe will be continually agitated and 

attached to the femoral catheter going to the heart. We will start the constant speed, 

femoral artery blood withdrawal pump, and then inject the microspheres over 15-20 

seconds, monitoring heart rate and BP concomittantly. We will then clamp the injection 

catheter and flush it with l-2 ml of P.S. Following injection we will count the empty 

injection syringe as well as the withdrawn blood. After the experiment both the infusion 

and withdrawal catheters will be counted as well, Any spillage from the injection 

syringe will be caught on Kleenex and this Kleenex also counted. 

Counts Injected = “Pre Counts” - Vial Residual Counts - Residual Counts 
(1) 

Syringe - Residual Counts Injection Catheter - Spillage 

CO = Counts Injected x reference syringe withdrawal rate 
counts in blood + counts in withdrawal cannuh 

rCBF =CO x Isotooe Counts in Brain Region 
Isotope Counts Injected 

(31 

(4) 

Following final injection we will remove the cat’s brains, harden them in dry iced 

Freon 12 and sample brain areas designated in Table 1. Brain samples will be placed in 

tared counting vials. The vials will be reweighed and counted in a 3 channel Beckman W 

8800 gamma counter for which a program has been written. 

* 

--- 
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In preliminary experiments we will adjust injected counts so that cardiovascular 

effects are avoided with injection, each brain area has> 400 MS, equivalent isotopic counts 

are present, no geometric counting errors occur, and optimal reference sample withdrawal 

rate is obtained. (Estimated preliminary cats: 51 

Specific CBF Experiments 

l.Ths effect of missile wound upon regional CBF (rCBF1: (Estimated cats: 321 

a. After suitable anesthesia, tranquilization, preparation and placement in a 

stereotaxic frame, both control and experimental cats will have MS injections 

for control rCBP measurements. In controls, groups of cats will be used to 

establish subsequent rCBFs at 10 min, 30 min, 1 hr, 2 hr, 3 hr, 6 hr after place- 

ment in the stereotaxic frame. After a control CBF, experimental cats will 

receive a missile wound to the brain and groups of cats will be used to establish 

rCBF at the following postwounding times: 10 set, 10 min, 30 min, 60 min, 2 

hr, 3 hr, 8 hr. 

2. The effect of dexamethasone, mannitol and DMSO on rCBF following a missile 

wound (Estimated cats: 42) 

a. Controls will be suitably prepared. Shortly after being in the stereotaxic 

frame, a MS bolus will be injected to obtain control rCBFs. 1 hr later we will 

give either dexamethasone 5 mg/kg, mannitol 0.5 gm/kg 25% solution, or 

DMSO 0.5 gm/kg in 50% solution. We will again measure rCBF 30 and 80 min 

later 

b. Experimental cats will be prepared and placed in the stereotaxic frame. After 

a control rCBF they will receive a brain missile wound. One hour later they 

will be given either dexamethasone, mannitol or DMSO. rCBFs will be measured 

30 min and 80 min after this drug therapy. 

3. CBF Autoregulation Following a Missile Wound to the Brain (Estimated cats: 26) 

The Potential Importance of CBF autoregulation to the combat soldier has been 

stated, (p. 61. In the following experiments we will subject cats with a missile 
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I 
wound to the brain to moderate (MBP 80 mm Hg) and severe (MBP 60 mm Hg) 

hemorrhagic hypotension and document the cat’s ability to maintain CBF in different 

parts of the brain. We will see whether dexamethasone, mannitol or DMSO improve 

impaired CBP autoregulation. 

a. Control nontreated cats will be prepared and placed in a stereotaxic 

frame. MS will be injected for control CBFs. Following this we will 

bleed the cats to 80 or 60 mm Hg over 30 min., The shed blood will be 

kept werm and heparinized. The requisite MBP will be maintained 30 

min and a 2nd CBF will be measured. Following this the blood will be 

returned and when normal MBP has been achieved a final CBF will be 

measured 20 min later 

b. Experimental Nontreated Cats will be prepared and placed in a stero- 

taxic frame. Control CBF will be obtained and the cats will sustain a 

brain wound. Immediately thereafter the cat will be bled to 80 or 60 mm 

Hg over 30 min. After either of these MBPs has been maintained 30 min 

a 2nd CBF will be measured. Shed blood will be returned and a final CBF 

measured 20 min later. 

4. CBF Autoregulation Following a Missile Wound; Treatment with Dexamethasone, 

Mannitol or DMSO (Estimated cats: 70) 

Control Treated Cats: After suitable preparation we will measure a control 

CBF. The animals will be bled to MBP of 80 or 60 mm Hg. After 1 hr at this 

MBP a 2nd CBF will be measured. The cat will then be given i.v. dexametha- 

sone 5 mg/kg, mannitolO.5 g/kg bolus in 25% solutioqor DMSO 0.5 g/kg bolus 

in a SO% solution and a final CBF determined 20 min later. 

Experimental Treated Cats: After preparation we will measure a control 

CBP. The cats will reaeive a missile wound and will then be bled to a MBP of 

80 or 60 mm Hg. After 1 hr at this MBP a 2nd CBF will be measured. The 

cat will then be given dexamethasone 5 mg/kg, mannitol, 0.5 gm/kg in 25% 

solution or DMSO 0.5 g/kg in 50% solution. 
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03 YEAR: Qualifications of BBB Disruption by a Test Missile 

The BBB provides one of the brain’s chief homeostatic mechanisms ” and is thought 

to be formed from cerebral capillary endothelial cells including their so-called “tight 

junctions.“” Lipid soluble substances pass the DBB with ease67 but nonlipid soluble 

molecules cross much less readily by diffusive flow and mediated transport. ‘* Vesicular 

transport across the BBB is normally unimportant. 68 

If a substance dissolved in plasma perfuses a capillary bed and if a portion of that 

substance is removed from the plasma while transiting the capillary bed the substance is 

“extracted.“” Molecular extraction is proportional to capillary surface area S and 

capillary permeability, P. Extraction is inversely proportional to blood flow, F: 

PS = -FVcln (1-E) (5) 

Vc = fractional fluid volume in which solute is dissolved; if plasma Vc = 1-Hematocrit. 

Thus, the passage of substances across the BBB may be quantified by various PS products 

and BBB permeability may be described in terms of PS products for a number of test molecules. 

We will define the cat’s BBB permeability by PS products of the following [ 3Hl test 

molecules : aminoisobutyric acid, AIBA, (MW 103.1); polyethylene glycol, PEG, (MW 400) and 

PEG (MW 900). These molecules are not metabolized by the cat” and back diffusion (brain- 

blood) is minimal. We will determine the blood tissue transfer constants (Ki) of these mole- 

cules normally and after a missile wound to the brain by the Ohno technique 45 wherein an 

Lv. bolus of test molecule is given and the subsequent arterial concentration (Cal is measured 

over time. At experiment’s end, brain concentration of the isotopic molecule (Cb) is deter- 

mined. With negligible back diffusion: 

Ki= $& (6) E’l = Ki 
7% 

In order to obtain a true Cb, retention of test molecule within the brain vascular space 

(BVS) must be determined and subtracted. BVS may be quantified by [ 113mj lndium (In). 

transferritin, MW 5Ll,000.‘“~72 
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BVS = 113m In1 /mn brain 
113m In1 /ml plasma = 

[ 3Hb T;ts;Ilecule (TM) x 
lla 

True TM Cb: 

mg bfib Tzue-s? ‘?=rng bra!~~r~~hyma (10) 

Because AIBA, PEG 400 and PEG 900 are essentially diffusion-limited molecules, their 

PS products will be but slightly affected by CBF.73974 We will, nevertheless, measure CBF 

concomitantly because a missile wound may cause marked CBF changes in certain areas. 

We will also be able to determine E directly.‘l We will use IltCI iodoantipyrine tIAP)‘5 to 

measure CBF: 

CBF = &l:~j<iA;$~;od dt = [ 1;: tbbt x syringe withdr;al rate flll 

I14C1 IAP blood will be determined by a constant withdrawal speed reference 

syringe. 

Conditions Affecting the BBB: Ischemia,” cold lesions, 77 surgery,7* osmotic 

agents,” hypercapnea, 80 hypertension,81 and convulsionsea increase BBB permeability. 

1 can find find no experiments which quantitate the effect of a missile wound upon the 

BBB despite the high mortality associated with these wounds and the importance of the 

BBB to brain function. Clearly the BBB will be disrupted about the missile track but the 

extent of this disruption and the possible occurrence of increased BBB permeability in 

crucial (brainstem) areas at a distance has not been examined. 

The Experiment; Isotopes: We will obtain [ 14C] IAP,’ dissolve aliquots (ethyl 

acteate/benzene) and run the isotope through a Biosil A’ (200-400 mesh) column. Purity 

of the selected fractions will be checked with paper chromatography. 2*83 Purified 

isotope will be dissolved in Hepes buffered saline (QH 7.5) such that 0.5 ml contains 25 

/U[ 14 C] IAP. These will be frozen until used. [ 113 m In] ’ will be obtained by 0.04 

N HCI elution from a [ 113 Sn] generator. 25pCi of the eluent will be buffered to pH 

7.40 (Hepesl and mixed with 0.2 ml freshly prepared cat plasma. The [ 113 m In] 
” 
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combines with the cat plasma protein (transferritin]. [3H1 AIBAX purity WilI be 

checked by ascending paper chromatography with appropriate solvents. Migration of 

radiolabelled AIBA will be checked against unlabelled AIB migration.84 We will use 

samples) 98% purity. For 3H PEG(MW 400; MW 900],’ the radiopurity of these isotopes 

will be assayed by gel filtration on Sephadex G-50 and subsequent paper 

chromatography. All [3H] test molecules will be given as 125~ Ci doses. 3HPEGMW 

400 wilI be specially synthesized by New England Nuclear. 

In a separate set of experiments we will inject isotopes i.v. into cats to make sure 

that the I3Hl remains attached to the test molecule when circulating in the cat. All 

isotopes will be stored at 4’C. [ 3H] doses will be 5X [ 14 C] . All reagents will be 

AldrichBB gold label or equivalents. 

Cat Preparation: Cats will be anesthetized with halothane/oxygen. Bilateral 

femoral artery and vein cannulas (PEQO) will be inserted and a brachial catheter (PESO] 

placed for BP. We will insert a tracheostomy and place a right epidural balloon for ICP 

measurements.l’ Nupercaine will be applied to all wounds and the extremities casted to 

protect the catheters. Control and experimental cats to be placed in the stereotaxic 

frame wiU then be given phencyclidine l-2 me/kg, the halothane wIlI be stopped and 2 

hours allowed for halothane excretion. These cats will then be given methahexatol 30 

mg/kg i.v., attached to a cat respirator (N20/02.. **70/30) placed through an opened 

decapitator and secured to a stereotaxic frame. The saline filled epidural balloon for 

ICP will be connected to a transducer placed at earbar level; the right femoral catheter 

will be attached to a saline-filled syringe in a constant-peed blood-withdrawal pump. 25 

minutes before [3H] test molecule administration the left femoral catheters will be 

converted to an A-V shunt by connecting them to a silastic tubing through which 

blood can be intermittently sampled. Once the shunt is functional we will heparinize the 

cat. 20 minutes prior to the end of each experiment [ 3H] test molecule wilI be given 

and blood intermittently sampled from the A-V shunt to give o fi 3H] Cadt. 90 seconds 

prior to the experiment’s end, 25pCl [ 113 mIn] . ttansferritin will be given i.v. to give 
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[ 113 mInI /ml plasma via a terminal blood sample. 10 seconds prior to the end of the 

experiment [ 14C] IAP will be given by a constant i.v. injection; arterial blood will be 

sampled from the femoral artery cannula attached to the syringe in the constant 

withdrawal pump. This will yield51 14CI Cadt. The cat will be killed by decapitation at 
a 

experiment’s end. Terminal Hct and ABGs will be obtained. We will quickly remove the 

brain, harden it in dry-iced Freon 12, sample it as per Table 1 and place the brain 

samples in tared vials which will be immediately reweighed. Plasma samples will be spun 

and plasma aliquots also placed in counting vials. Brain end blood samples for i 113 mini 

transferritin will be counted in the gamma counter. [ 113 mIn1 counts after elapsed 

time (CE) will be converted to counts at 0 time, Co, by CE = Co exp t-0.693t/T). T = 113 

mIn half life; t = elapsed time. After [ 113 mIn] decay, blood and tissue samples will be 

dissolved in 0.5 ml ProtosoLX 0.5 ml of 0.5N NC1 will be added to achieve pH of 6.0; 

Aquasol II’ scintillant wllI be added and the samples wilI be counted with a BeckmanW 

Scintillation counter after being placed in the dark for 6-12 hrs. Counts/minute (cpm) 

will be converted to disintegrations/minute (dpm) by compensating for quench with an 

external standard. Calculations of Ki, CBF, E and PS will be done on an Apple II 

computer. 

Control Cats: Regional brain PS products for each i 3Hl molecule will be 

determined in 5 awake cats (15 cats), 5 cats each after anesthesia and phencyclidine (15 

cats) and 20 min, 60 min and 6 hr after being prepared and placed in a stereotaxic frame 

under N20/02 anaIgesia (45 cats) 

Experimental Cats8 PS products for the 3 test molecules will be measured 20 min, 

60 min, and 6 hr following a missile wound. The 20 min PS determination may allow 

elucidation of transient BBB opening consequent to the missile wound (45 cats). 

The [3Hl test molecule will be delivered as a pulse 20 min prior to sacrifice. The 

best sacrifice time, 20 mitt, 15 min, 25 min, etc., will have to be empirically determined 

for both control and missile wounded cats. This will require an additional 60 cats (20 for 

each I3Hl test molecule). 
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In preliminary experiments we will compare CBF as determined by microspheres 

and [ 14CI IAP. IfUICJIAP cannot be used to measure CBF because of widespread BBB 

breakdown in mbrile-wounded cats we will measure CBF in these animals by micro- 

spheres, let the radioactivity of the microspheres decay (LO half lives) and then count for 

14C and 3H by scintillation counting. 

Data Analysis - All electrolyte, CBF and BBB PS product data will be analyzed 

by Student’s test for paired data. I have worked extensively with Mr. William Johnson of 

the Department of Biometry at LSU and will oontinue to work with him on this project. 

Facilities - All experiments will be done in 2 laboratories at LSU Medical School, 

New Orleans. One lab will serve primarily as a shooting range. It will be appropriately 

armored. The other will house necessary equipment; balances, radioactive counters, 

blood gas machine, requisite supplies plus desks for the postdoctoral research associate 

and laboratory technician. 

MILITARY SIGNIFICANCE 

Several aspects of combat medicine may be manipulated to decrease mortality of 

the wounded: 

1. Rapid evacuation - despite the ubiquitous use of helicopters in Vietnam with 

speedy evacuation (90%<4 hrl, Vietnam neurosurgical mortality showed no improvement 

over much of the 1944-1945 ET0 experience. 

2. Improved hoaoital faciIIties/supplies - in Vietnam these were optimal; 

nevertheless, CONUS-type hospital and operating room equipment, unlimited blood and 

surgical supplies plus sophisticated anesthetics and unlimited antibiotics failed to result 

in lowered neurosurgical mortality. 

Because evacuation and facilities-equipment-supplies were optimal in Vietnam, it 

Is unlikely that further development of these factora will lead to reduced neurosurgical 
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mortality in the future. Furthermore, in any future major conflict it is doubtful whether 

evacuation techniques and deployed facilities wilI be as (literally) luxurious aS In Vietnam. 

If sole reliance for the reduction of neurosurgical mortality ls placed on these factors 

and they fail because of tactical considerations, brain wound mortality wilI rise. 

3. Improved neurosurgical techniques - in reality the technique of brain debridement 

has changed llttle since Cushingb time in WWI, 65 yrs ago. Extremely sophisticated 

neurosurgical techniques possible in civilian hospitals will not be appropriate in forward 

neurosurgical units. The drop in neurosurgical mortality from WWI to WWII was because 

of antibiotics rather than Surgical advances per 2. 

4. Better understanding of the pathophysiology of the brain wound - contrasted to 

the above, enhanced understanding of the brain wound may enable combat physicians to 

effect better treatment of the brain wound. With the development of a standa; brain 

wound model, future medical treatment modes for the brain wound wiIl be based on WelI 

founded, physiologic principles rather than empiricism or worSe. Knowledge of how specific 

drugs improve physiologic function of the damaged brain may be especially important for 

the future because large numbers of brain-wounded may have to wait for long periods of 

time before obtaining definitive neurosurgical care. Under these circumstances appropriate 

medical manipulation may limit brain deterioration and consequent mortality. Furthermore, 

such treatment may result in better neurologic function among survivors allowing them 

to have a better quality of life. 

This project wlll begin to delineate specific, important pathophysiologic derange- 

ments of brain function consequent to a brain missile wound. We will test 3 drugs, (dexa- 

methasone, mannltol, DMSO) which have been used to treat some brain conditions, to see 

whether they are efficacious in reducing specific phyaiological brain dysfunctions conse- 

quent to a brain missile wound. This project will provide the first steps in providing a 

comprehensive delineation of the pathophysiology of brain wounding caused by 

conventional weapons and optimal treatment. Hopefully, knowledge gained wiII result in 

a Significant reduction of wartime neurosurgioal mortality from 10 to perhaps 5% or less. 
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The cc@ of the proposed research Is considerable but to place it in perspective, One 

must consider that the U.S. government is spending 3 million dollars on a follow-up 

study of Vletnam-incurred brain wounds. While such a study may provide interesting 

neuropsychologioal data it is unlikely to lead to direct improvement in brain wound care. 

My project will form the basis for a better understanding and treatment of the combat- 

incurred brain wound, This project is designed to provide information immediately trans- 

ferrable to the clinical setting, If, because of this project, $1000.00 ultimately could be 

saved in the care of each brain-wounded soldier the savings to the Army could be 

considerable: 

Tvne of War Savings 

3000 brain wounded-Vietnam 3 million 
12,000 us-wwu 12 million 
50,000 German-WWII 50 million 

Furthermore if specific drugs are found to be efficacious in the treatment of brain- 

wounds the Army could concentrate on buying, storing, and supplying these rather than 

nonefficacious drugs. This would provide additional monetary savings. 

The Future 

Knowledge gained in elucidating and treating physiological disruptions in the brain 

consequent to a conventional missile wound can be applied to a laboratory model for 

studying the optimal treatment of nonconventional brain damage (microwave, lasers). 

Future wa171 may be fought with these weapons. The head will again receive 20% of all 

“hits.” The US Army Medical Corps must know how to optimally treat brain wounds 

inflicted by these newer weapons, 
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ADDENDUM 

Animal Care and Disposal 

Cats obtained from Louisiana by the LSU animal care department WiII be guaranteed 

14 days and wilI be vaccinated against rabies, rhinotracheitis, and distemper. They will 

be checked for parasites. Both domestic and commercial cats will be kept one per cage. 

The animal room will be kept 72-74’F under ambient humidity. The light and dark cycles 

will be 12 hrs each. Two veterinarians supervise the animal care facilities which are 

AALAC accredited. 

At the termination of each experiment the test cats will be placed in plastic bags. 

Bags containing radioactive cats will be so marked with the amount of contained radio- 

activity. The animals will be disposed of in accordance with guidelines set forth by the 

LSU radioisotope committee (Dr. Paul Hyde). 

Radioisotopes 

AU radioisotopes will be stored and handled in an approved fashion. Laboratories 

will be monitored for radioactivity contamination regularly. The primary investigator 

has taken and passed the 3 month LSU radioisotope course. 
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BRIEF SUMMARY OF EXPERIMENTS 

01 Year- Histology of Experimental 

Missile Wound; 

Establish Regional Brain 

Sampling areas 

Brain Electrolytes Following 

a Brain Missile Wound 

Effect of Treatment 

1) Preliminary Experiments to 

set up missile launcher; per- 

fect “Standard” Brain Wound 

2) Gross and microscopic morphology 

of the missile wound (estadlish 

specific brain areas for tissue 

sampling in all subsequent ex- 

periments) 

3) Brain Electrolytes 

1) Normal 

2) Following a missile wound 

3) After wounding and treatment 

4) Failed Experiments 

MONTHS 

1-2 

3-4 

5-12 

CATS 

10 

2.5 

125 

i0 

TOTAL CATS 180 
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01 YEAR: BRAIN ELECTROLYTES (eg Cerebral Hemisphere Zone 2)* 

t-Untreated-- --_--- ---Treated 
DMSO i I DEXAMETHASONE MANNITOL 

CONTRO 

I 
H20 Na K C 

.IlN’I‘HOL - --- 

I II” 

I II ’ 

J(I ’ ---- 

0 0 ’ ---- 

Lllrs ---- 

3hrs _ 

OhrY __--- 

(::I t s 30 

* 14 Brain 

BRAIN 
WOUNDEI 

% 
H20 Na K C 

---.- 

_--- 

__--- 

--a- 

---- 

35 

Legions 

CONTROI 

% 
H20 Na K 

--- 

--- 

10 

BRAIN 
WOUNDED 

II 
d20 Na K 

--- 

--- 

10 

CONTROL 

% 
i70 Na K Cl 

_--- 

10 

BRAIN 
WOUNDED CONTROL 

% % 
I70 Na K C H70 Na K Cl 

---- 

--A- 

10 

_--- 

-- -- 

10 

TOTAL CATS 

BRAIN 
WOUNDED 

% 
H20 Na K Cl 

rrr 
--- -E 
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BRIEF SUMMARY OF EXPERIMENTS 

02 YEAR 

1) Regional Cerebral Blood Flow (CBF) 

A) Untreated 

1) Controls 

2) Missile wounded 

2) Regional CBF 

A) Treated 

1) Dexamethasone 

2) Mannitol 

3) DMSO 

3) Regional CBF Autoregulation 

following a missile wound 

A) Untreated 

1) Controls 

2) Missile wound 

4) Regional CBF Autoregulation 

A) Treated 

1) Dexamethasone 

2) Mannitol 

3) DMSO 

5) Failed Experiments 

CATS 

16 

16 

14 

14 

14 

13 

13 

26 

26 

26 

7 

TOTAL CATS 185 
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02 YEAR : ---.- _ REGIONAL CEREBRAL BLOOD FLOWS 

(Specific Brain Region) * 

I+ UNTREATED.-- ----TREATED ---;-I 

Control 

Anesthesia 

10” 

10’ 

30’ 

lhr 

2hrs 

Jhrs 

Ohrs 

CATS 16 16 

‘ 14 B 

Missile 
Control Wounded 

.in Regions 

Dexamethasone Mannitol DMSO 

Missile Missile Missile 
Control Wounded Control Wounded Control Wounded 

7 7 
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02 YEAH : REGIONAL CBF AUTOREGULATION FOLLOWING A MISSILE WOUND 
* 

(Specific Brain Region) 

l- UNTREATED--+----- -- -- ..-.-* TREATED : 

Control 

MBt’h?onmil 

He-Infus 

Control 

MB11/6~kamH 

Re- Infus 

CATS 

“14 Brein Re 

lz 

e 

gil 

Y 

Missile Missile 
Control Wound Control Wound 

13 13 

ons 

Dexamethasonc Mannitol 

- - 

- - 

13 13 

Missile 
Control Wound 

-- 

-- 

-- 

- - 

-- 

-- 

13 13 

DMSO 

Missile 
Control Wound VI 

ii 
z m 

13 

Page 82 GAO/HRD-91-30 Army Biomedical Brain-Wound Research 



Appendix I 
PropoPJaI I 

03 YEAR - BLOOD BRAIN BARRIER POROSITY AS DEFINED BY PS PRODUCTS OF 3 TEST MOLECULES --- 

(Specific Brain Region*; eg Mesencephalon) 

PS PRODUCTS 

Awake 

Anesthesia 

20’ 

I h r 

6hrs 

CATS 

‘Thcrc wi 11 he 
h r a i II r e g i 0 n s 

I4 

Aminoiso- 
butyric Acid 

(MW 103) 

Polyethylene 
Glycol 

(MW 400) 

Polyethylene 
Glycoi 

(MW 900) 

BRAIN BRAIN BRAIN 
CONTROL WOUNDED CONTROL WOUNDED CONTROL WOUNDED 

25 15 25 15 25 15 (120) 
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not equivalent, Tissue plasma can be determined from [ 12511 albJmin or 

[ 113 mln] . transfer&in and tissue rbc from [51 Crl rbcs. The details 

of these methods are set forth in his paper. Several additional cats will 

be used to estimate tissue plasma and tissue rbc concentrations in all 

sampled brain areas, denoted in Table 1. This will provide accurate Vc 

data for each brain area. 

5) Neither Crockard” nor DjUrdjevicl* observed significant intracranial 

bleeding in their brain missile wounds (dogs, monkeys). Nevertheless, the 

cats must be hepariniaed for the 03 year Ohno experiments (to keep the 

A-V sampling shunt open). Therefore, the shunt will be connected and the 

animal heparinized only& 25 minutes prior to the end of the experiment. 

This will give a minimum of 10’ and a maximum of )5 hours for the blood 

to clot in the missile wound track. The amount of bleeding in heparinized, 

wounded brains will be compared to nonheparinized, wounded brains. 

6) A constant humiditity must be maintained to maintain constant brain 

water during dissection. This will be accomplished by a humidity chamber, 

the construction of which was outlined by Dr. Pappius. She felt that by 

this hood 40-50 brain samples could easily be taken from each brain without 

water loss. (phone conversation, August 1962) 

7) Control Cats - Adequate control cats for all experiments greatly increase 

the number of cats required. Every effort will be made to reduce the 

numbers of controls required by combining data where possible. Measure- 

ments from 6 hours control cats will be made first and if these control 

values are normal fewer shorter time period cats will be required (assuming 

that if cats maintain normal brain physiology for 6 hours they will for 3 or 

1 hour). 

Y 

Page 86 GAO/HRD-91-30 Army Biomedical Brain-Wound Research 



Appendix I 
Proposal I 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

Y 

Horsley V: Remarks on gunshot wounds of the head. Brit Med J 1:321-323, 

1916 

Butler EG, Puckett WO, Harvey EN, McMillen JH: Experiments on head 

wounding by high velocity missiles, J Neurosurg 2:358-363, 1945 

Webster JE, Gurdjian ES: Acute physiological effects of gunshot and other 

penetrating wounds wounds of the brain. J Neurophysiol6:255-262, 1943 

Gerber AM, Moody RA: Craniocerebral missile injury in the monkey: an 

experimental physiological model. J Neurosurg 36:43-49, 1972 

DjUrdjevic M, LtIfgren J, Steinerh, Zwetnow NN: Intracranial pressure 

effects of mlsslle wounds, in Beks JWF, Bosch DA, Brock M feds) Intracranial 

Pressure III, New York, Springer-Verlag, 1976, pp79-83 

Crockard HA, Brown FD, Johns LM, MulIan S: An experimental cerebral 

mlsaile injury model in primates. J Neurosurgery 46:776-783 

Crockard HA, Brown FD, Calica AB, Johns LM, Mullan S: Physiological 

consequences of experimental cerebral m Missile injury and use of data analysis 

to predict survival. J Neurosurg 46:784-794, 1977 

Crockard HA, Brown FD, Callca AB, MuRan S: ICP, CVR and cerebral 

metabolism following experimental missile injury, in Beks JWF, Bosch DA, 

Brock M feds) Intracranial Pressure III, New York, Springer-Verlag, 1976, 

~~73-78 

Crockard HA, Brown FD, Trimble J, Mullan JF: Somatosensory evoked 

potentials, cerebral blood flow and metabolism following cerebral missile 

trauma in monkeys. Surg Neurol?:281-287, 1977 

Crookard HA, Johns L, Levett J, Brown P, Mullan S: ‘Brain&em” effects of 

experimental cerebral trauma, in Popp AJ et a1 feds) Neural Trauma, New 

York, Raven Press, 1979, pp19-25 

Levett JM, Johns LM, Replogle RL, MuIlan 5: Cardiovascular effects of 

experimental cerebral missile injury in primates. Surg Neurol 13:59-64, 1980 
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36. 

31. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

Long DM, Maxwell RE, Choi KS, Cole HO, French LA: Multiple therapeutic 

approaches in the treatment of brain edema, in Reulen HJ, Schurmann K (eds) 

Steroids and Brain Edema, New York, Springer-Verlag, 1972, Pp87-94 

Bradbury MWB: The Concept of a Blood-Brain Barrier, Chichester, John 

Wiley and Sons, 1979, Chapter 13 

Crone C, Lassen NA: Capillary Permeability, New York, Academic Press, 

1970 

Klatzo I, Wisniewski H, Steinwall 0, Streicher E: Dynamics of cold injury 

edema, in Klatzo I, Seitelberger F feds) Brain Edema New York, Springer- 

Verlag, 1967 

Rovit RL, Hagan R: Steroids and cerebral edema: the effect of glucocorti- 

coids on abnormal capillary permeability following cerbral injury in cats. J 

Neuropath Exp Neurol27:277-299, 1969 

Rapoport SI: Experimental modifications of blood-brain barrier permeability 

by hypertonic solutions, convulsions hypercapnea and acute hypertension, in 

Cserr H, Fecul V, Fensternacher JD teds) Fluid Environment of the Brain, 

New York, Academic Press, 1975, pp61-30 

Pappius HM, McCann WP: Effect of steroids on cerebral edema in cats. 

Arch Neurol20:207-216, 1969 

Rapaport 51, Ohno K, Fredericks WR, Pettigrew KD: Regional 

cerebrovascular permeability to [ 14C] Sucrose after osmotic opening of the 

blood-brain barrier. Brain Res 150~353-657, 1978 

Hardrbo JE, Edvinsson L, MacKenzie ET, Owman C: Regional uptake of 

norepinephrine following mechanical or osmotic opening of the blood-brain 

barrier, in Cervos-Navarro J, Ferszt R teds) Adv Neurology 28, New York, 

Raven Press, ~~303-313 

Ohno K, Pettigrew KD, Rapaport SI: Lower limits of cerebrovascular perme- 

ability to nonelectrolytes in the conscious rat. Am J Phyaiol 2358 299-307, 

1978 
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57. 

58. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

66. 

67. 

68. 

” 

O’Brien MD, Waltz AG: Intracranial Pressure Changes durmg experimental 

cerebral infarction, intracranial Pressure 105-108, 1972 

Wollman H, Alexander SC, Cohen PJ, Chase PE, Melman E, Behar MG: Cerebral 

circulation of man during halothane anesthesia: effects of -ypocarbia and d- 

tubocurarine. Anesthesiology 25:180-184, 1964 

Miletich D, Ivankovich AD, Albrecht RF, Reimann CR, Rosenberg R, McKissie 

ED: Absense of autoregulation of cerebral blood flow during halothane and 

enflurance anesthesia, Anesth Anal (Cleve) 55:100-109, 1976 

Lewelt W, Jenkins LW, Miller JD: Autoregulation of cerebral blood flow 

after experimental fluid percussion injury of the brain, Journal Neurosurgery 

53:500-511, 1980 

Harrison MJG: Comments in Reulen HJ, SchUrmann K teds) Steroids and 

Brain Edema, New York, Springer-Verlag, 1972, ~272 

Elliot KAC, Jasper H: Measurement of experimentally induced brain swelling 

and shrinkage. Amer J Physiol 157:122-129, 1949 

Ferguson JL: Personal communication, 9 August, 1982 

Fritachka E, Ferguson JL, Spitzer JJ: Total and regional cerebral blood flow 

during perfusion from the lateral ventricle to the cisterna magna in the 

conscious dog: effect of hemorrhagic hypotension and retransfusion on cerebral 

blood flow. Circ Shock 7:333-342, 1980 

Bradbury MWB: The Concept of a Blood Brain Barrier, Chichester, John Wiley 

and Sons, 1979, Chapter 13 

Ibid, Chapter 3 

Davson H: A comparative study of the aqueous humor and cerebrospinal fluid 

in the rabbit. J Physiol 129:111-133, 1955 

Crone C, Christensen 0: Transcapillary transport of small solutes and water, 

in Guyton AC, Young DB teds) lnt Rev Physiol, Cardiovascular Physiology III 

Vol 18, 1979, Chapter 5 
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79. 

80. 

61. 

82. 

83. 

84. 

Rapaport SI, Matthews K, Thompson HK: Absense of brain edema after 

reversible opening of the blood-brain barrrier, in Pappius HM, Feindel W feds) 

Dynamics of Brain Edema, New York, Springer-Verlag, 1976, Chapter 3 

Cutler WPR, Barlow CF: The effect of hypercapnea on brain permeability to 

protein. Arch Neurol 14:54-63, 1966 

Johansson BB, Linder LE: Reversibility of the blood-brain barrier dysfunction 

induced by acute hypertension. Acta Neurol Stand 56:335-342, 1977 

Johansson BB: The cerebrovascular permeability to hicucline and amphetamine 

administration in spontaneously hypertensive rats. Acta Neural Stand 56:397- 

404, 1977 

Fenstermacher JD: Personal communication, March 1980 

Hais IM, Macek K: Paper Chromatography, Prague, Publishing House of the 

Czechoslovak Academy of Science, 1963 
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SOL se of Equipment And Materi r~ 

A) Harris-Lake Inc.- Cleveland, Ohio 

B) Aycrst Laboratories-New York, New York 10017 

C) Clay Adams-,(Division of Becton Dickinson Co)Parsippany, N.J. 07054 

D) E and M Instrument Co. Inc.- Houston,Texas 

E) ibid 

F) Ciba Pharmaceutical Co- Summit, N.J. 07901 

C) Johnson and Johnson Co- New Brunswick, N.J. 

H) Parke Davis, Morris Plains, N.J. 
NOTE: if phencyclidine unavailable we will us Ketamine 

HCI, Bristol Laboratories Syracuse N.Y. 

I) David Kopf Instruments, Tijunga, Ca 91042 

J) Harvard Apparatus Co. Inc.- Millis, Ma 02054 

K) Instrumentation Laboratories, Lexington Ma 

L) Astra Pharmaceutical Products, Inc.- Worcester, Ma 

M) J.T. Baker Chemical Co.- Phillipsburg, N.J. 08865 

N) Eli Lilly And Co.- Indianapolis, In 

0) Merk 8 Company, West Point, PA 

P) McGaw Co, Division AH Supply- Irvine Ca 

Q) “Spectranalyzed” grade MC/B- Norwood, Ohio 

R) Precision Scientific c/o American Scientific Products 

S) Harvard Infusion Withdraw1 Pump 935 

T) Codman 8 Company- Randolph, Massachusetts 02368 

U) Ean M Instruments Inc.- Houston, TX 

V) Minnesota Mining 6 Manufacturing Co.- St. Paul, Minn. 

W) Beckman Instruments Inc.- Irvine Ca 92713 

X) New England Nuclear, Boston, Ma 02118 

Y) BioRad Laboratories, Richmond Ca 

2) Whatman Ltd, England 

AA) Buchler Cotlove- Fort Lee, N.J. 

BB) Aldrich Chemicals Co- Milwaukee, Wisconsin 53201 
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AWARDS : 

GRANTS : 

ORGANIZATIONS: 

MASTER'S THESIS (1970) : 

smBATxca (AUGUST 1978 

HOSPITAL STAFFS: 

-2- 

Army- Bronze Star (Service) 
Purple Heart 
Vietnam Technical Service Medal 
Army Commendation Medal 

N.I.H. Grant d NS11647-04 with Charles I. Berlin, 
Follow up studies on selected men who sustained a 
brain wound in Vietnam, 1977 to present: 
Bel. Award Louisiana Heart Association 1981-1982 
Cerebral blood flow and water extraction. 

Conqress of Neurological Surgeons 
American Association of Neuroloqical Surgeons 
Society of University Neurosurgeons 
Neurosurqical Society of America 
Southern Neurosurqical Society 
Louisiana Neurosurqical Society-President 
Fellow, American College of Surgeons 
Louisiana Medical Society 
American Medical Association 
Royal Society of Medicine,London 
Founder Member, International Society of CBF and 
Metabolism 

Brain Abscesses at the University of Minnesota 
Hospitals, 1946-1965 

AUGUST 19791: 

Kinq's College, London with Professor Hugh Davson 
iuorkinq oh: 
1) Effect of hypoqlycemia upon cerebrosprnal 

fluid production, iodide clearance and brain 
electrolytes 

21 Amino acid clearance from cerebrospinal fluid 

Charity Hospital, New Orleans, Louisiana 
Southern Baptist Hospital, New Orleans, Louisiana 
Hotel Dieu Hospital, New Orleans, Louisiana 

. 

EXAMINER, NEUBOSURGICAL BOARDS: 

September 1980 
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PUBLICATIONS 

NeUroSUrgiCal Infections 

1. Carey, M.E., Chou, S.N., French, L.A.: Longterm,neurologic 
residue in patients surviving brain abscess with surgery. 
J Neurosurg 34:652-656, 1971 

2. C.WSY, M.E., Chou, S.N., French, L.A.: Brain abscesses seen 
at the rrniversi ty of Minnesota Hospitals 1946-1965. 
J Neurosurg 36:1-10, 1972 

3. Carey, n.E., Chou, S.N.: arain Abscess in Conn. HF (ed): 
Current Therpag, Philadelphia, WB Saunders Co., 1974 

4. Carey, M.E., Chou, S.N.: Infections of the brais meninges 
and skull, in Practice of Surgeq, Hagerstown, jMdd., 
Harper and Row, Publishers,Inc., 1977 

5. Carey, M.E.: Neurosurgical infections, in 
Howard, R.J. and Simmons, R.L. teds): Surgical Infectious 
Disease New York, Appleton Century- Crofts, 1981 

6. Carey, M.E., Brain abscesses, Contemporary 
Neurosurgery 3: 1-5, 1982 

7. Carey, M.E.: Brain infections in (ed) Grossman, R. 
The Clinical Neurosciences (in press) 

8. Carey, M.E.: The treatment of brain abscess, in (ed) 
Maacham W.- As yet untitled book on brain infections 

Y 
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-6- 

PUBLICATIONS 

Others 

1. Carey, .Y.E., Nance, F.C., Kirgis, H.D., Young, H.F., 

Megf son, L., Kline, D.C.: Pancreati tis following spinal 
cord injury. J. Neurosurg 47:917-922, 1977 

2. L-dour, F., Trevor, R., Carey, M.E.! Arachnoid cyst and 
associated subdural hematom. Arch Neurol 35:84-89, 1978 

3. Schecter, F.G., Carey, .Y.E., Bryant, L.R.: Bilateral apical 
intrathoracic masses associated with Van Recklinghausen’s 
disease. Chest 75:367-368, 1979 

4. Carey, M.E.: Brain Trauma in Practice of Medicine, Hagerstow, :Yd. 
Harper and Row, Publishers, Inc., 1979 

5. Corred, A.J.E., Rodriguez, IY., Carey, M.E.: SIADH after 
subarachnoid heevrrhage and crdniotomy. South Mad J 
73a932-934, 1980 

6. Carry, M.E.: Brain Trauma in Spittell, J.A. Jr. ted) Clinical 
Medicine Philadelphia, Harper and Psw, Publ., 1981 
(Chapter 26) 
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Abstracts 

1. Carey, H.E., Vein, A.R.: The effect of multiple levels of 
arterial hypo$enrlon upon the rate of cerebrospinal fluid 
formation in dog. FAd Proc 33: 360, 1974 

2. VA~A, A.R., Coralea, R.L., Carey, M.D. : The effect of 
cerabrAl venous drainage obstruction upon cerebroepinal 
fluid rccumuletion. Fed Proc 34:39?, 1975 

3. Vele, A.R., Ceray, M.E., Thompson, B.M.: The effect of 
doxemetheeone on cenina cerebroapinal fluid production. 
Fed Proc 35~268, 1976 

4. FritschkA, E., Carey, M.E., VA~A. A.R., Spitzer, J.J.: Effect 
of insulin induced hypoglycemia on cerebrospfnal fluid pro- 
duction. Lkpt. Phyefol And Neurosurq, L.S.U.M.C. Sch. 
NAW Orlama, La. Society for Neurosciencea, 1977 

5. Vwla, A.R., Carey, M.E., Walker, K.: The effect of hypotension 
upon ventricular absorption of phenosulfonphthelein. 
Fed Proc 36r570, 1977 
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-lO- 

Talks Presented 
(Continued) 

16. VertebrAl OsteOm.telitis. American Association of Neurological 
Surgeons, Miami, April, 1975. 

17. Prophylactic Antibiotics in Neurosurgery. American Association 
of Nsuroloqiccal Surgeons, New OrLeans, Louisiana, April, 1978. 

18. Treaenmnt of Brain Abscess (Seminar). American Association of 
Neurological Surgeons, Los Angeles, California, April, 1979. 

19. Commenes on tha Production of Experimental Erain Abscess. 
American Association of Neurological Surgeons, New York, N.Y. 
April 1980. 

20. Effect of Severe Hypoylycemfa on CSF Form~ion, Ventricular Iodide 
CleArdnCe and Brain Electrolytes. Erwin Riesch Symposium, Berlin, 
July, 1980. 

21. Wear Medicine and Combat Neurosurgery. Invitation of Surgeon 
General, US Air Force; Wilford Hall Hospital, San Antonio, 
TeXAS, March 1981 

22. Neurosurgery in Vietnam, Unifarmed Services Medical School, 
Bethesda, MD., October 1981 

23. TrAAtSWnt of Brain Abscess. American Association of Neurological 
Surgeons, Boston, Mdss., April 1981. 

24. War Medicine and Combat Neurosurgery. Invitation of Surgeon General, 
US Air Force, Munich, Germany August 1981 

25. An Analvris of Fatal and Non-fatal Head wounds Incurred during Combat 
in Vietnam by US Forces. 4th International Ballisgics Symposium 
Gothenbsrq, Sweden September 1981 

26. War Medicine and Combat Neurosurgery. Invitation of Surgeon Genera 
US Air Force Andrews AFB , MD, October 1981 

.I, 

Vi si Unq Professor 

University of Kentucky, April, 1975 
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:ILITARY PAC KCROUND 

In Army combat, head wounds are the most lethal end cause almost half of all immediate deaths,l-4 

ig. I. The head accounts for only 9-12% of the exposed body area in combat3 yet receives 20% of all 

its’ 9 ‘*2v4v5*6, Fig. 1. In civilian 7 or rear echelon Army hospitals 8, patients v,ith closed head injuries cre 

‘ore common than open wounds. In combat, however, especially in forward Army hospitals, penetrating 

rain missile sxounds are far more common, During WV’11 in forward hospitals in N.W. Europe, brain missile 

ounds accounted for 43% of all neurosurgical admissions.9 

Despite these facts, few studies on the physiological effects of a missile wound to the brain have 

een done to lessen the mortality and morbidity. Perhaps some people are fatalistic *bout brsin missile 

ounds, thinking that soldiers with these lesions are “lost,” not only to life but to the Army in particular. 

e agree that a direct bullet wound to the brain is generally fatal becrusr cf the bullet’s high velocity ard 

ierqy of deposit. In major combat, however, more than 70% of all wounds are caused by lower energy 

Tell fragmcnts.LG Not only do many soldiers who sustain a fragment wound to the brain live, but in 

‘WII’L and Vietnam” almost one third of men who received a brain wound from a missile were able to 

ontinue some form of Army duty after appropriate neurosurpical care. This project focuses on the treat- 

lent and physioLogicaL understanding of a non-fatal brain missile wound in order to further reduce morta- 

ty and morbidity. 

The treatment of war wounds is primarily surgical, but restoration of physiologic function with adjunc- 

ve medical therapy has proved extremely important for all major combat wounds 13-15 . The modern 

Jrgical technique of brain wound debridement was developed in WWI by progressive surgeons 1617 w,,o 

dvocated primary debridement with irrigation-cleansing of the brain missile track, removal of necrotic 

rain and foreign material, and closure of dura and scalp. However, the striking reduction in nturosurgical 

lortahty from 50% in ~~118-20 to ~4% late in WWII 9,21 is best explained by the advent of antibiotics 

diunctive medical therapy) rather than by any basic improvement in neurosurgical techniques. Neuro- 

lrgical mortality following brain debridement for US forces in Korea was IO%22 and in Vietnam it was 10 

3 12%23,24. These later data indicate that no significant reduction in neurosurgical mortality from brain 
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opears to occur only about the hemispheral missile track. With increasing missile KE, distant damage 

ccurs in the contralateral hemisphere or brainstem, (Fig. 5). Distant brain damage from missile wounds 

as been described clinically from Vietnam 26. The gross and microscopic features of our experimental 

rain wounds strikingly resemble human missile wounds, (figs. 6-9). 

2. We have determined that respiratory arrest frequently occurs with a missile of sufficient energy. 

ecause we wish to primarily study the physiologic effects of non-fatal brain wounds we have studied the 

lissile’s effect on anesthetized, non-paralyzed cats capable of normal respirations. Table 1 indicates that 

?e most important immediate effect of a missile is upon the brainstem and may cause respiratory arrest. 

Table 1 

Effect of Energy Deposit Upon Respirations 
Enernv Deoosit (31 

0,9Y 1.35 
No Apnea 6 6 
Transient Apnea I 5* 
TOTAL 7 11 

* fatal without respiratory support 
this energy represents the LD5OJ energy for this wound 

t 0.93 3, missiles penetrated the brain but caused mainly local cerebral hemisphere damage; brain- 

:em effects were minimal and included transient blood pressure changes and bradycardia. At 1.353, 

Gssiles caused increasing right hemisphere damage as well as brainstem dysfunction marked by apnea 

45% of cats. Following 60 to 80 minutes of respiratory support all temporarily apneic cats were rYe - 

) resume their own respirations. This finding may indicate that there is a group of brain-wounded 

dividunJs whwc liver may bc swed if immediate short-term respiratory support could be pvided by 

K buddy system or by carpmen. This phenomenon of apparently reversible apnea following a missile 

ound deserves detailed investigation because immediate treatment may be lifesaving. 

3. Though the literature contains many 27-29 observations on brain swelling after a missile 

ound, we have not observed significant right cerebral edema up to 24 hours following wounding at 

,933 or 1.353. These findings are still preliminary, however, and need to be confirmed with further 

roerimentation. Concomitant serum osmolality changes after wounding must next be investigated. 
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feature in their animals. Other brain injury models do not have the spectrum of focal injury plus distant 

5rain damage and systemic effects seen with the missile wound. Cold-induceds), ischemic54 or 

stabbing55 brain lesions involve the cerebral hemispheres alone; they will not be associated with the 

irainstem effects which we have shown a missile causes, particularly the all important apnea. Per- 

cussion- type injuries%%57 will cause brainstem effects but will not have the concomitant focal 

cerebrql hemisphere damage that makes the missile wound “strikingly different from closed head 

injury.” Conceivably a critical interaction may exist between focal brain damage and brainstem func- 

tion. 

Future improvements in the treatment of brain wounds certainly will be in the realm of adjunc- 

rive medical therapy. Our missile wound model, faithfully replicating a fragment in the human, will 

enable us to: (1) screen drugs that may improve treatment of the brain-wounded; (2) delineate the 

pathophysiologic effects of a missile wound to the brain so that treatment can be precisely focused on 

the critically deranged physiologic functions. Low-energy wounds can be used to study physiological 

and biochemical disruptions associated with the hemispheral wound and their treatment. With higher 

energy wounds, we can study potentially fatal brainstem events (particularly apnea) to design therapy to 

prevent them. 
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Fig.3:tright) Lateral skullfilm of one 

of our experimental cate. 3Cinq sphere 
entered throuqh right frontal bone. 

I ci 0 
d 

K&IN MISSILE TRACT 

Fig.4: CT scan of experimental cat 

showing indriven bone in riqht frontal 

area. Scan done 4 days following 

wounding in a surviving cat. 

Fiq.5: Schematic illustration of areas of hemorrhaqe (filled areas) and 

extravasation of Evan's blue (stippled areas), both focally around the main 

tract and distally in cortical and brain stem regions following brain 
Y 

missile wounding. 
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Fig.ll:(left) The intensity of post- 

wounding hyperglycemia appears to be 

related to wounding energy. 

Fig.ll:(riqht) The rapidity of onset a u 

of hyperglycemia likewiee appear* to 

be related to wounding energy. E 1.0 - 

0.6 J , t 
0 1 2 3 4 

Time to Cook Oluooee Rorponoo (h) 

Y 
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OBJ 83 ‘I-IV FS OF INV ESl’lGAlION 

The first objective of this investigation is to detail the neurological status of the animal before and 

after brain missile wound in order to assess which treatments result in decreased mortality and morbidity. 

Our second objective is to undertake detailed pathophysiological studies initially in untreated animals and 

later with treatments shown to be efficacious in reducing mortality and morbidity. By undertaking both 

neurological and pathophysiological studies concurrently, we will be the first laboratory to attempt a 

detailed assessment of the pathophysiological basis of the neurological deficits observed following brain 

missile wounding. This should lead to sound physiologic and pharmacologic methods to ameliorate the bra: 

damage. 

Our studies so far have focused on brain missile injuries in normotensive animals. In this proposal, u 

will include studies of brain missile wounding in animals subject to post wounding hypotension mean arteri 

blood pressure (MABP reduced to 40 mmHg for 1 hour) since hemorrhage is an extremely important cause 

combat death5g. Two thirds of Dr. Carey’s patients in Vietnam had body as well as brain wounds and man 

were in hypovolemic shock. 

The overall concept of our investigation is shown below. Our general methodology of brain wounding 

will be given first, followed by a discussion of each proposed experiment, including its objectives, methodc 

lOf4y and data analysis. 
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GENERAL METHODOLOGY OF ANIMAL PREPARATION AND WOUNDING 

Animals Cats weighing between 3-4 kg will be used. They will be housed singly for approximately 14 

days prior to experimentation and allowed food and water ad lib. They will be kept on a 12h light-dark 

cycle (lights on 06:OOh). The rationale for using cats as opposed to other animals is given in the section - 

‘Animal Use Documentation’. 

For experiments we will induce anesthesia with 1% Brevital IV. Maintenance will be by intcr- 

mittent Brevital injection. An endotracheal tube will be inserted following endotracheal injection of 0.5 ml 

5% Lidocaine. We will cannulate a femoral artery (PE 90 tubing) for BP recordings (precalibrated Narco 

RP 1500 and Narco physiograph) and blood sampling, and a femoral vein for saline and drug administration. 

Colonic temperature will be kept at 37 + I’C by a heating blanket. In experimental protocols requiring the 

animal to be artificially ventilated throughout the duration of the experiment, a muscle relaxant, Pavulon 

(0.5 mg/kg), will be administered, the cat connected to a respirator-anesthesia machine and anesthesia 

maintained with N20/02 (70/30). Arterial blood gas values (measured by 1L micro 313/326) will be main- 

tained within the normal range through the use of sodium bicarbonate (I.V.), respirator adjustments or both. 

BCG will be monitored (Narco physiograph) and end-tidal C02, and respiratory rate recorded (IL ZOO). 

Following anesthesia and specified monitorinp, we will place the animal prone in a stereotaxic frame 

(DKI), anesthetize the scalp with subcutaneous 1% xylocaine, and make a 4 cm right frontal incision for 

removal of a portion of the anterior right frontal sinus wall. 

Brain mhailc wound A transcranial, right fronto-occipital brain injury will be made with a 1.98 mm 

Steel ball (31.7 mg) fired from a custom-made helium powered gun at a range of 80 cm. The missile will 

perforate the right frontal bone (0.7 - 0.9 mm thickness) and enter the brain through cortex area A6 (ap + 

28 mm, v + 22, L S mm: coordinates to Reinoso-Suarez). 123 Missile energy of deposit will be calculated 

from Y, mv2 where m = mass of missile, and v = velocity (measured with velocity gate). 

As indicated above, we will perform all physiological studies on two groups of cats. Some will remain 

normotensive throughout. Others, the hypotensive experimental group, will be bled at the rate of Zml/min 

immediately following wounding to simulate a second, concomitant, hemorrhagic-shock producing wound. 

We will withdraw blood until the cats MABP reaches 40 mmHg and maintain this MABP for I hr. Shed, 
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2) Neurologic function - Animals surviving their wound will undergo the following neurologic tests. 

Observers will be unaware of each animal’s treatment and parameters listed below will be assessed daily 

for up to 3 weeks post brain missile wounding. Procedures have been described previously73 but with modi 

fications. 

(A) Neurological Rea~onse 

Motor function 
Cat walks with normal gait-no neurological deficit 
Cat walks with abnormal gait, has mild hemiparesis 
Cat barely walks with moderate hemiparesis 
Cat unable to walk with moderate hemiparesis 
Cat unable to walk with severe hemiparcsis 
Cat unable to walk with hemiplcgia 

Sensory function 
Cat responds appropriately to tactile and noxious 

stimuli 
5 

Cat responds appropriately to noxious limb stimuli 
only 

4 

Inappropriate response to noxious limb stimulation 
Reflex response to noxious limb stimulation only : 
No response to noxious limb stimulation I 

Level of consciousness 
Awake and alert 5 
Awake and alert with lack of spontaneous movements 4 
Drowsy, responds only to noxious stimuli 3 
Stuporous, minimal response to noxious stimuli 2 
Comatose 1 

Pupillary response 
Unilaterally reactive to light 2 
Unilaterally unreactive to light 1 

(8) Activity! Each Cat will be placed in an observation area (6ft x 6 ft) with the floor divided into 9 

squares. The number of squares entered (entry by all four paws) will be counted during a 30 minute period 

for two consecutive days prior to wounding and each day following wounding. 

Maximum score = 5 when the ratio of: Number of squares entered post wound 2: I 

Number of squares entered prior to wound 

(C) Food And Water Intake Lactated Ringer’s solution will be injected subcutaneously to provide ade- 

quate daily fluid maintenance until cats begin to eat and drink voluntarily. 
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(a) Water intake; t point for each &cc per day of water intake (or part thereof) up to a maximum o 

5 points 

fb) Food intake: t point for each Og per day of food (or part thereof) up to a maximum of 5 points 

(D) Compoaitc Score: This will be the sum of A, 8, C above. 

3) Sample data table anticipated for each injury energy is shown: 

Separate scores for Time after brain missile wound (days) 

Apneic or Non-Apncic cats I 3 5 7 14 21 

Mortality rate 

Motor function 

Sensory function 

Level of consciousness 

Pupillary response 

Activity 

Food and water intake 

Composite Score 

Differences in neurological scores among experimental groups of cats wounded at different energies 

will be compared using Kruskal Wallis analysis of variance (AOV) followed by The Mann Whitney U-Test. 

The values to be obtained for the above table for normotensive cats at 1.35 J will serve as control 

data for comparisons of the effect of different treatment regimes. 

ACUTF PHYSIOLOGICAL STUDIES 

Rationale: Physiologic events occurring immediately after the brain missile wound should be fully under- 

stood. Central nervous system damage may cause profound systemic derangements e.g. diminished cardia 

output49 and hypertension. Whether a brain-wounded person lives or dies may be decided by physiological 

changes (e.g. hypertension or apnea) occurring within a few seconds, minutes or hours after wounding. Ou 

experiments have shown that severe respiratory abnormalities may occur with missiles of sufficient energ 

We will ascertain whether this can be correlated with concomitant hypertension or plasma catecholamine 

response. Hypertension might increase brain damage and turn a nonfatal wound into a fatal one. Physio- 

logic changes following wounding may indicate brain wound severity and correlations between different 
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pathophysiologic events and mortality, morbidity indices may lead to better treatment. Acute 

physiological studies will be conducted concurrently with specific treatment evaluations (See page 27). 

Once efficacious treatments have been identified, their acute physiologic effects will be investigated. 

Methods Cats will be prepared as in the general preparation. Additionally, we will insert an epidural 

pressure transducer (MM1 ICT/b\, in the occipital midline for ICP. We will place bilateral anterior and 

posterior stainless steel skull screws fdural contact) for EEG recorded on a Narco or Grass 78 physiograph 

We will measure the following up to 6 hrs. after wounding: ICP, EEG, BP, heart rate, and ICC; 

PaG2, PaCO/2, pH, HCT, osmolarity, electrolytes, glucose, catecholamines and amino acids. These values 

will be assessed in 72 normotensive cats as indicated below (18 at each energy level). 

Wound Energy 0) 

x 0.93 1.35 3 -- 

Non-Apneic (resp. support not needed) 

Apneic (resp. support required) 

Ventilated throughout (paralysis and respirator) 

This combination of experiments will help differentiate respiratory from cardiovascular factors in th 

observed physiological changes. Having determined the acute physiological effects of brain wounding in 

normotensive cats, we will study them in hypotensive ones wounded at the hypotensive LD5OJ (18 cats). 

Once effective treatments have been identified, their effects on acute physiological functions will be 

determined in normo and hypotensive cats wounded at respective LD5OJ energies. Six sham-operated con- 

trols will be evaluated to see whether sampling procedures affect variables to be estimated. 

Sampling Times will be as follows! Pressure (blood + ICP), heart rate, eCG, EEG, respiratory rate, 

end-tidal CO2 - all continuously; PaCO2, Pa02, pH, urine -every 30 minutes. Blood hematocrit, 

osmolarity, electrolytes, glucose, catecholamines, and amino acids will be analyzed from 2 ml samples 

taken -60, -30, 1, 3, 10, 30, 60, 120, 240, 360 minutes following wounding. 2 ml of lactated Ringer’s solu- 

tion will be infused following each sample. 

Data Analysis 

(a) Temporal changes in each physiological function will be plotted and assessed for each of the 

experimental groups. 
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(bj Correlation matrices will be tabulated as shown below for normotensive animals injured with a 1 
range of energies: 

Factor 

Wound Energy 

UABP 

IX02 (Rcsp) 

HR 

HCT 

OSM 

AD 

NOR 

CLU 

AA 

Na/K 

MAPB &Co 
(Resp f 

r + + 
P 

5 
w + 

r - * 
P 
r - 
P 
r m w 
P 
r - 
P 
r - 
P 
r - 
P 
r - - 
P 
r w - 
P 
I 
P 

HR 

+ 

+ 

+ 

HCT 

+ 

+ 

+ 

+ 

OSM 

+ 

+ 

+ 

+ 

+ 

- 

AD 

+ 

+ 

+ 

+ 

+ 

+ 

- 

NOR CLU 

+ + 

+ + 

+ c 

+ + 

+ + 

+ + 

+ + 

c 

AA 

+ 

Na/K 

+ 

+ 
. 
+ 

+ 

+ 

c 

+ 

+ 

+ 

+ 

All coefficients will be calculated after conversion of data to natural logarithm 
r = correlation coefficient! p = probability: + values to be obtained; - no value 

Tables to be obtained at I, 3, 10, 30, 60, 120, 240, and 360 minutes following 
brain missile wounding. 

(c) Comparisons of the effect on physiological parameters following missile injury at the LDSO 

energy in hypotensive and normotensive (untreated and treated) animals will be made by AOV. 

Differences between groups will be determined by Newman-Keul’s test. 

EFFETS OF VARIOUS TRE!ATM BJTS ON MORTALITY AND MORBIDITY 

Rationale A number of drugs improve the functional neurologic recovery following brain 

concussion3%60,61, freeze lesions62163 , spinal cord injury64-70 and in animal models of cerebral 

ischcmia71~72~73. However, with exception of the use of mannitoi and dimethylsulfoxide74, no systematic 

studies have shown the possible beneficial therapeutic effects of these treatments following a brain missii 

injury. An acute need currently exists to screen drugs which might improve the function of damaged but 

not dead brain caused by missile injury. We propose to test the efficacy of different treatments on 

mortality and morbidity scores following missile wounding, 
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WF ICt OF VARIWJ TR eATl!A ENfs ON MORTALITY AND MORBIDITY XN NORM01 WSV E ANIMALS 

INJUR I53 AT 1.3s JOUL B3 

TR EATM PNT MODEOF ACTlON 

(A) Drugs dminbtered l 1 hour pat mbsile wamd 

Maloxone 
TRH 
(methyl)-TRH 

Opiate 

Dynorphin (I- 13) 
antagonists? 

L-dopa Dopamine precursor 
Dcxamerhasonc Increased C RF, C 0 
Dimethylsul- Decreased IC P, blood 

foxide viscosity 
Mannitol 
Tromethamine Alkalizing agent 

(B) Drugs dminMered l 24 hour prior to misalle VQund 

Parachlo- Serotonin synthesis 
phenyalanine inhibitor 

CC) Druga dmhbterad l 1 hour prior to missile wamd 

Naloxone 
Phenoxy- 

Opiate antagonist 

benzamine 
u-adrencrgic block 

Atropine Cholinergic block 

PROTOCOL 
mg/kg bolus -- mg/kg/hr 

2 

0:5 

ai0 
0.5 
500 

so0 
LOO 

150 mg/kg i.p. 

2 
2 

0.2 

2 
2 

0.5 

ii0 
0.5 
500 

500 
2s 

2 
2 

0.2 

----- -w-m-w 

(D) R-in- upport: in animals which show apnea post-wounding 

Hyperventilation 
Hypoventilation 

Decreased pCO2 
Increased pC02 

End-tidal C02: 3-4% 
end-tidal C02: 6-7% 

l We will give drugr as a 0.5 ml IV bolus followed by continuous infusion at 0.5 ml/hr over 4 
hours MI- stated otherwlse. 
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The timing of a particular drug administration following wounding is of paramount importance 

m determining the eventual clinical outcome. In combat, initial treatment may be delayed. 

Nevertheless, trcaments of proven efficacy can be carried out by corpsmen. Thus we will initially 

administer drugs I hour post missile wounding. Detailed dose-response and time of administration 

protocols will be developed once the drug(s) are shown to be effective in reducing mortality and 

morbidity. 

Treatment protocols to be utilized in the present study are summarized (page 28 ). By these 

protocols, we hope to improve neurologic function in non-apneic brain-injured cats and to isolate the 

physiologic mechanisms involved in the apneic response. Our reasoning for use of proposed treat- 

ments is briefly summarized. 

(A) Drug8 to be administered one hour part miss& vmmd 

Opiate The therapeutic effects of naloxone and TRH are believed to be mediated by their 

ability to antagonize the release of endogenous opiates 69~70, In a recent study of concussive brain 

injury to cats, naloxonc significantly reduced the hypotension seen after higher grades of injury59. 

However, no observations were reported on the effect of naloxone on mortality and morbidity scores. 

Studies by Faden and his co-workers have shown that both naloxone and the ‘physiological’ antagonist 

TRH dramatically improve the functional neurologic recovery following spinal injury64-70. Of Parti- 

cular interest is the ability of TRH to do this when given 24 hours after traumatic injury68. In addi- 

tion to TRH we propose to use an analogue of TRH, (methyl- his)-TRH, a more potent analogue of 

TRH with a longer biological half-life7%76. D ynorphin (I-13) is an endogenous neuropeptide which is 

widely distributed in the brain and may act as a regulatory neuropeptide, not as a classical opiate 

agonist or antagonist73t77. In cats with focal cerebral ischemia E&kin et al73 have demonstrated 

that dynorphin (I-13) infusion (6 hour post) not only increased survival rates but that these cats 

showed minimal neurological deficits. All untreated cats in this study died within 48 hours. Dynor- 

phin (I- 13) did not influence systemic variables or regional cerebral blood flow suggesting that its 

effects are mediated directly in the CNS. The extent to which most peptides can penetrate the 

blood-brain barrier when administered peripherally is controversial7%79,80. However, disruption of 

the BBR following brain missile wounds, as shown in our preliminary studies with extravasation (gross 
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extravasation of Evans Blue fig. 5) would favor entry and possible action of dynorphin (I-13) into 

these traumatized areas of brain. The integrity of the BBB is to be evaluated in more detail auto- 

radiographically in this proposal (see page 33). 

Dopamincr(Cic and scrotoncrgic drugs Many studies have implicated brain dvsfunction to dis- 

orders of central metabolism of dopaminergic and serotonergic neurotransmitters in patients with 

severe head injuriesgl-87 and in animal models of concussiorGg9 and ischemia3°,91. Patient studies 

have shown markedly decreased values for homovanillic acid (metabolite of dopamine) and increased 

levels of 5-hydroxyindoleacetic acid (metabolite of serotonin) in ventricular and lumbar samples of 

cerebrospinal fluid. However, of primary interest to this study is the finding that treatment of the 

chronic phase of head injury with L-dopa (dopamine precursor) has proved to be beneficial82,83*84. 

Others: The possible therapeutic effects of dcxamethasonc, dimethlysulfoxide (DMSO) and 

mannitol in the management of head trauma have been topics for research studies for many yea@’ 

95. Of particular interest are those related directly to brain missile wounding50174. These later 

studies demonstrated the effectiveness of DMSO and mannitol in reducing mortality following pene- 

trating cerebral missile wounding. The mortality rates were 45% in untreated primates, 25% in man- 

nitol-treated and 14% in DMSO-treated. These pioneering studies showed that gunshot wounds to the 

head could be effectively treated. Nevertheless in these experiments few animals were studied, 

wounds were effected through trcphined holes, mortality was defined as those animals who survived 

for only 6 hours after wounding and no subsequent behavioral evaluations were made. Whether these 

animals really would have lived for protracted periods is unknown. Our animal model allows the 

examination of both acute and chronic mortality rates and the neurological response following trcat- 

ment with many drugs including, DMSO, mannitol and dexamethasone. 

Tromethamine (THAM) infusion after fluid-percussion injury to the brain in cats improves survi- 

val and decreases morbidity57. The mode of action is uncertain but the authors postulate that tro- 

methamine has an alkalizing effect which reduces CNS metabolic acidosis due primarily to accumula- 

tion of lactate in the brain. We propose to investigate the possible development of cerebral 

metabolic acidosis in our animal model (see page 33). 
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(B) Pretreatment 24 harrs prior to misrile wand 

The involvement of the serotonergic response to head injury has been described above. Porta et 

aI82 have implicated the involvement of serotonergic structures in the early stages of brain trauma 

and serotonin in maintaining edema and vasospasm. We propose to pretreat cats with 

para-chorphenylalanine, (serotonin synthesis inhibitor) in order to deplete brain 5HT and its turnover 

by approximately 50~96 and observe the consequent effects on mortality and morbidity. If 5HT 

involvement can be confirmed either by this drug procedure or by more detailed investigations 

proposed (page 33, numerous drugs are available to modify 5HT release, reuptake for administration 

after brain missile injury, 

(C) Drug treatments I hour prior to brain missile injmy 

We have chosen to incorporate a 1 hour drug pretreatment plan to evaluate the possible mech- 

anisms underlying the respiratory and cardiovascular events which occur immediately after brain 

missile injury. Apnea, transient but marked MABP rise, sustained hypotension, arrythmia, brady- 

crrdia, and hyperglycemia are physiological responses common to both brain missile injury (our 

experiments)%45 and in animal models of concussive head injury97,%99. These events are 

presumed to be brainstem mediated. We would anticipate that the acute hypertension and 

hyperglycemia effects are mediated by a massive sympathetic discharge and may be blocked using an 

a-adrenergic blocker, phenoxybenzamine. Acute MARP changes of tht magnitude observed in our 

animals are known to cause a breakdown of the blood-brain barrier in animals not subjected to head 

traumaloo. The distal lesions observed in cur animal model may be a consequence of the abrupt rise 

in MABP and not directly to a ‘shock wave’ or ‘compression effects’ of the missile traversing through 

the brain tissue. Our proposal includes study of the plasma catecholamine response. 

MckwaldIO~ has shown that the hyperglycemic response to a stab wound to the brain could be 

attenuated by a-adrenergic blockade. This response needs further study especially as hyperglycemia 

itself has been shown to be detrimental to animals subject to focal ischemia102-107, 
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(D) Respiratory suppa? 

‘fhe apneic response after brain missile injury at 1.35 joules is reversible following a period of 

ventilatory support (table I page 12). We determined the duration of respiratory support needed by 

the cats’ ability to resume their own respirations. In these experiments mechanical ventilation was 

adjusted So that end-tidal CO2 valueS were within the normal range for COntrOl Cats, 4-T%. It iS 

important to determine whether animals would require shorter periods of ventilatory support if they 

were maintained at 5-6% (hypoventilation) or 3-4% (hyperventilation) immediately the apneic 

response is shown to occur as PaCO2 affects CBF, intracranial blood volume and ICP. We are the 

first to emphasize the occurrence of apnea (transient or permanent) depending upon missile energy 

deposited in the brain. We plan to investigate whether pretreatment with an a-adrenergic blocker, 

cholinergic blocker (atropine) or an opiate antagonist (naloxone) can attenuate the apneic response 

following brain missile injury. Not only may this shed light on underlying brainstem mechanisms but 

it may point the way to successful resuscitation of brain wounded individuals who may be temporarily 

apncic. 

Methods Cats will be prepared generally as described on page 22. All will be wounded at I.353 

(LDso). Untreated, control cats will be allowed to recover and their daily neurological behavior 

scored (scheme on page 24) up to 21 days. Treated cats who survive will similarly have their neuro- 

logic behavior scored. 

Data Analysis Drug efficacy will be determined by differences in daily neurologic scores between 

control and treated cats. A sample neurologic scoring scheme has been presented (page 24), 

indicating methods of data analysis, Behavioral results will be analyzed using the Kruskal Wallis AOV 

followed by the Mann Whitney U-test to locate specific group differences. 

Y 
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CEREBRAL TRAUMA CONSEQUENT TO MISSILE WOUND 

Rationale We will examine disorders in 1) brain metabolites; 2) brain neurotransmitterr; 3) regional 

blood flow; and I) the blood-brain barrier in an attempt to ascertain which of these major systems 

required for normal brain function is most disrupted by missile damage. These studies, leading to a 

deeper understanding of how a missile adversely affects the brain, hopefully will allow the develop- 

ment of better treatment. 

Ample evidence exists in the literature that brain energy mechanisms must be intact for normal 

brain functionlog. Pathologic states which affect the brain energy cycle cause severe neurologic 

dysfuctionf09. Alterations in brain neurotransmitters may cause abnormal behavior in test animals* 10. 

Whilst the role of neurotransmitters in regulating CBF in intact brain is unknown, neurotransmitters 

can have marked effects on CBF 111 followng breakdown of the BBB. We have demonstrated that 

missile trauma breaks down the BBB. The significant hyperglycemia we have also documented after 

wounding suggests a massive systemic rise in catccholamines consequent to the missile injury, 

Systemic NOR and SHT, therefore, may leak across the disrupted BBB around the missile track and 

cause CBF changes. Furthermore, abnormal SHT levels have been implicated in the pathogenesis of 

cerebral edema following cerebral concussiong2. 

We believe that the cerebral ‘trauma” consequent to the missile injury cannot be satisfactorily 

studied showing changes in a single Physiological measurement e.g., ICP, although this is an important 

resPonse. Our Proposal therefore includes study of brain energy metabolites, neurotransmitter 

ChanRes, CBF and the BBB which are a11 interrelated and almost certain to be influenced by missile 

damage. 

Methods An important finding from our studies so far has been the observation of effects distal to 

the focal cerebral hemisphere wound created by the missile itself. These effects are both anatomic 

(pctechial hemorrhages) and physiologic (bradycardia, hypertension, and ‘brainstem effects”). 

Because of these distal effects, tissue sampling techniques which do not encompass the whole brain 

may miss CritICal areas of dysfunction. For our proposed studies of metabolism, neurotransmitters, 

Y 
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888 and CBF we intend to use fluorescence photography and autoradiology which Will allow us to 

survey the entire brain. 

Method We wiil anesthetize and prepare the cats according to the General Preparation scheme 

noting whether the cats will be acute (to 24 hrs) or longer term (21 d). All will be wounded at LO joJ 

energy. Experimental groups and sacrifice times are as indicated: 

Untreated Treated 
Normotensive Non-apneic apneic Non-apneic apneic 

lh 
time 6 h:trs 
after 24 hours 
wounding 21 days 

Hypotensivc 
I hour 

time 6 hours 
after 24 hours 
wounding 21 days 

Every time point in each study group requires 5 cats (N 5: 100). We will, thus, assess acute and sub- 

acute changes in both untreated and treated normo and hypotensive cats. Six sham-operated cats will 

be used for controls. 

A single cat may be used for both metabolic and neurotransmitters studies because they can be 

assessed in the same brain slices. Cats for these studies will have their brains frozen in in situ by -m 

liquid nitrogen. We will slice the skull and brain with a precooled saw into 1 cm thick slices which 

will be placed into 5 mm bath of liquid nitrogen. Fluorescence photography will be used to localize 

areas of cerebral metabolic changes consequent to wounding as indicated by means of NADH in 

frozen brain slices. Once localized, specific brain slice areas will be sampled and analyzed for 

NADH, ATP, Per and lactate. Adjacent areas will be assessed for Na, K and water. Samples will be 

made by a cooled 4 mm cork borer adjacent to the main missile track and distally where NADH 

changes indicated metabolic dysfunction. Portions of frozen brain will similarly be taken for 

determinations of DA, 5HT, NOR, HVA, DOPAC, SHIAA and MHPC by high performance liquid 

chromatography. For both metabolic and neurotransmitter studies similar brain areas will be sampled 

and comparisons made by AOV to evaluate temporal changes in substrate levels. 

Y 

-_ 
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Blood may interfere with NADH determinations around the wound track or over the surface of 

the brain. In general, however, most deeper brain structures not immediately adjacent to the wound 

track are bloodless. The fluorescence-metabolic studies we propose have been described by Welchjl? 

Blood-Brain Barrier, Cerebral Blood Flow, Histology 

888 integrity and CBF measurements will be by standard double labelled autoradiography tech- 

niques using [1311]-lodoantlpyrine and [14C]-Sucrose, An important advantage of autoradiography is 

that it allows detailed profiles to be made around cerebral lesions which could not be obtained by 

hand dissection. [14C]-Sucrose has been widely used to localize areas of breakdown of the BBB as it 

is known to have low permeability characteristics in nontraumatized brain. Of particular interest is 

that its molecular weight (Y42) and permeability across the BBB is similar to that of physiologically 

important substrates, e.g. NOR and 5HT. 

Preparation wounding and timing for these experiments have been given above. Appropriate 

intraarterial catheters will be required for blood sampling and all cats will be anesthetized with 

Brevital during isotope infusions and decaptitation. 

Isotope infusions and autoradiographic procedures 

Ninety seconds prior to termination of the experiment, [14C]-sucrose (100 uCii/kg) will be infused 

(IV1 so that a rapid rise in the isotope is obtained in the plasma followed by an approximately steady 

level. Thirty seconds prior to decapitation [1311]-iodoantipyrine (100 pCi/kg) will be injected at a 

rate of 1.0 ml/min (Harvard Pump). Arterial blood will be sampled immediately following [IKJ-SU- 

crose injection into a syringe withdrawn at a constant rate to obtain mechanical integrals of the 

PlaSma isotopes113. Plasma samples will be counted by liquid scintillation after addition of 1 ml 

Protocol and 1S ml Aquasol 2. Following decapitation, brains will be rapidly removed and frozen in 
3 

freon which is liquified by chilling in liquid nitrogen to -MC. Double label quantitative autoradio- 

graphic procedures as previously described will be employed 114. Sections will aiso be taken for histo- 

logical preparation with either hematoxylin and eosin or cresyl violet. 

The volume of distribution of sucrose (pl blood/g) I (dpm/g)/(d.p.m./ul) 

Y 
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In brain areas which show an intact blood-brain barrier as indicated by [IUC] sucrose measure- 

ments CBP estimates are obtained by 

CBF E [1311] brain region x syringe withdrawal rate 
mg brain Cl3111 blood 

The [13111-iodoantipyrine concentration in brain tissue will be corrected for activity in blood 

remaining in the brain tissue by subtracting a background value: 

Background d.p.m. = (ml blood/g) x (d.p.m./mi blood). 

Data Analysis The values for the volume of distribution of sucrose and CBF for different brain regions 

in control and brain missile wounded cats (untreated and treated) will be compared by AOV. Dif- 

ferences will be determined by least significant difference. 

REP ElTllV E MONITORING 

Rationale The methods described so far in this proposal require the interrelationships between the 

neurological status of the animal following brain missile wounding to be made with either, (a) the 

detailed acute physiological changes (up to 6 hours) or (b) have necessitated the killing of the animal 

(cerebral trauma studies) for subsequent brain biochemical analysis. It would clearly be important to 

be able to make direct correlations between the pathophysiologicai status of the wounded animal 

(e-R.* ChanRes in Plasma glucose, central amine metabolism EEG) with the neurological deficits 

observed in the same animal for longer periods of time. We propose to use repetitive monitoring 

techniques including implanted blood and CSF catheters and power spectral EEG in order to make 

these more direct associations. The blood catheter will enable repeated sampling for analysis of 

amino acids, catecholamines, glucose and lactate. The cisternal catheter will enable repeated measure- 

ments of CSF amino acid, 5HIAA, HVA, DOPAC, MHPC, glucose and lactate. EEG.is an important 

way of evaluating brain function and power spectral analysis allows alterations of various frequencies 

to be quantitated. The temporal pattern of changes in plasma, CSF, substrates and EEG will be corre- 

lated with the neurological deficits, observed following wounding for 21 days in both untreated and 

treated brain missile wounded cats. 
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Methods Animals will be anesthetized as descibed previously (page 22). A femoral arterial 

catheteri 15 will be exteriorized and a PEIO catheter implanted in the cisterna magna9671i6. EEG 

recording electrodes will be placed in the skull and animals allowed to recover for seven days prior to 

further experimentation. Following this period animals will be anesthetized with Fluothane N20/d2 

at 70130 and wounded using sterile procedures, Samples of blood (2 ml) and CSF (50 ~1) will be taken 

for subsequent biochemical assays, These blood samples and EEG analysis on 10 second samples will 

be done 1 hour before wounding, then at L hr, 6hr, ZBhr, and daily (up to 21 days) following brain 

missile injury. After 1 hour the animals will be awake during EEG analysis. Animals will also be 

scored for their neurological response (page 24). The following experimental groups will be done, 10 

cats per group: control (normotcnsive); control (hypotensive); normotensive injured at 1.35 J; 

(untreated and treated); hypotensive injured at LD50-1; (untreated and treated). 

Data Analyses 

‘temporal changes in each physiological function will be plotted and correlations made between 

these and the neurological scores obtained for each cat. Behavioral results will be analysis using the 

Kruskai Wallis AOV followed by the Mann Whitney U-test to locate specific group differences. 

BIOCHEMICAL ANALYSES 

The methods for the assay of the different substrates to be measured in blood, brain, and CSF 

have been previously described. Glucose, lactate, ATP, Per, NADH will be determined fluorometri- 

callyl17. AD, NOR, DA, 5HT, 5HlAA, DOPAC, HVA, and MHPG will he determined by isocratic 

HPLC techniquesil6-ilg. Amino acids will be determined by a gradient HPLC methodilq. Dr. Sarna 

has had extensive experience in the use of both fluorometric and HPLC techniques. 

FAClLlTl ES 

Our laboratory consists of approximately 30 x 45’ area divided into one major work area and 5 

smaller rooms. Our Dean has promised additional space, if needed. Major equipment includes: 

physiograph, end-tidal CO2 monitor, respirator, anesthesia machine, variable velocity helium gun, 
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oven, flame photometer, chioridometer, still, electronic balance, gamma counter, small centrifuge, 

spectrophotometer, and 1BM 9000 computer. We can use a scintillation counter. 

LSU has a large Department of Biometry and we will work closely with them for the analysis of 

the data. 

Military Significance 

Maximal performance in combat is the top priority of the Army and conservation of the fighting 

strength is the main job of the Army Medical Corps. The brain wound is the most lethal combat 

wound and this experimental project directly addresses this critical military problem. Using a stan- 

dardized, reproducible intracerebral missile wound in an experimental animal, we can screen potenti- 

ally useful drugs and treatments for the acute care of brain wounds, and correlate these data with the 

pathophysiology of human brain wounds. This approach offers the most efficient method to lessen 

mortality, reduce morbidity, and increase the numbers of brain-wounded men able to resume useful 

Army duty. 

Brain damage from a missile is the combat-military equivalent of a cerebrovascular accident or 

a closed head injury common in civilian life. While these latter conditions have been exhaustively 

studied, their pathophysiological details and late mechanisms are impossible to transfer to the brain 

missile wound (see Experimental Background page II). Details concerning both immediate and 

subsequent brain pathophysioiogy following a missile wound to the brain are virtually unknown. This 

lack has prevented any further improvement in brain wound mortality or morbidity figures since the 

1940’s and contributes to the loss to the Army of 2 out of every 3 soldiers who survive a penetrating 

brain wound. 

The recent development of computerized tomographic (CT) scans or the new helmet design will 

probably not have a significant impact on head wound mortality or morbidity because of the following 

considerations: 

(1) In evaluating acute brain trauma, CT scans are extremely effective for diagnosing intra- 

Cranial bleeding but 90-9596 of missile wounds to the brain are associated with only small blood dots 

(< 20 ml) or slight amount of bleeding. Even if CT scanning might aid diagnosis of brain disruption, it 
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could not contribute to effective pharmacological treatment of damaged brain to improve residual 

function. 

(2) During Vietnam about 55% of missiles entered the brain by striking && the area of hel- 

met protection.52 Newer helmet design (reminiscent of the German WWII helmet) increases head 

coverage somewhat. The German Army during WWll had an excellent helmet and good troop 

discipline. Despite this, however, German neurosurgeons had to treat many thousands of German 

brain-wounded casualties.121 

In any future major war, large numbers of casualties are anticipated and medical care will be 

limited. If potentially reversible apnea causes death in a significant number of brain wounded 

persons, as our initial experiments indicate, early life-saving care can be provided at the front by 

aidmen. If large numbers of soldiers incur brain wounds and neurosurgeons are scarce (and general 

surgeons are busy treating those with other wounds), definitive treatment will be delayed for many. 

It would be extremely important to offer these men the most optimal physiologic and pharmacologic 

treatment to preserve residual brain function, not only for humanitarian reasons but to maximize 

return to duty. 

Table 5 demonstrates the importance of trying to reduce mortality and neurologic morbidity 

which could significantly contribute to preserving the fighting strength. The figure of 3,000 is used 

since this was the approximate number of American servicemen who were brain wounded in Korea. 

The most recent casualty data on brain wounded soldiers in Vietnam showed an acute neurosurgical 

mortality of 10% with 2 delayed (up to 1 year) additional 7% mortality.12 In WWll and Vietnam 

approximately 1 in 3 brain-wounded soldiers returned to duty. 
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Table 5 

Con#quanar of Decreasing Mortality and Morbidity on Return to Army Duty 

(3000 Neurosurgical Brain Wounds) 

Survivors Returning to Army-Various % 

if 8.5% 2745 906 918 1098 1373 

Assuming the total mortality continues at 17%, if the return to the Army could be increased by only 

3% (to 36961, the same number of men (906) would be usefully retained in service as would have been 

if the mortality had been halved (from 17% to 8.5%). Thus the importance of even a slight improve- 

ment in morbidity in conserving the fighting strength is dramatically demonstrated. This argues for 

concerted attempts to decrease immediate mortality and to maintain and improve the residual func- 

tion of partially damaged brain. 

Currently basic training (13 weeks) for an Army infantryman costs $9,000. ‘Additional specialty 

training adds to this cost. If our research allows only 170 additional men to return to duty in the 

course of a war it will have paid for itself. Now the per diem costs at Walter Reed Army Hospital 

equal $455. Similar per bed day costs may be anticipated for hospitals deployed overseas. If 3000 

brain wounded require treatment (as in Korea) this yields mre cost of $1,400,000. Research 

leading to reducing the in hospital days required will save substantial amounts of money for the 

Army. In a protracted war, the number of brain wounded may be very large. The Germans sustained 

at least 15-20,000 brain wounded on the Pastern Front alone during WWII.l2l 

UK of a laboratory model to screen and evaluate drugs which may decrease mortality and 

improve brain function after wounding will provide the Army with an efficient means of selecting 

drugs for future trials in humans. The Army then will know the most worthwhile drugs to use and will 
111 
be spared the expense of purchasing, storing, replenishing and distributing drugs which are of dubious 

efficacy for the wounded brain to recover. Financial resources and supply channels can concentrate 

on drugs of proven worth. 
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Finally, conservation of manpower and material resources becomes absolutely critical in large 

scale warfare where neither can be quickly or easily replaced. In this instance, decreasing mortality 

of the head wound, the most lethal combat wound, becomes critical so that manpower will be 

available when most needed. We propose to decrease mortality and morbidity through a detailed 

understanding of the brain wound coupled with the development of optimal physiologic and 

pharmacologic therapy to improve the residual function of damaged but not destroyed brain tissue. 
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RESULTS AND PUBLICATIONS ARISING FROM CURRENT CONTRACT 

Owing to two DOD directives tocease ballistic/cat research from September 83 - Ian 84 and 

Ott 84 - Jan 83, we have had only 8 months to carry out our research. After recruiting and having 

Dr. Sarna join us in March, we started literally from ground zero, beginning ballistics experiments in 

March 84 using the helium gun designed by Mr. Robert Carpenter. The initial gun design was faulty, 

producing very inaccurate shots with variable velocities at the same shooting pressures. Redesign 

and remanufacture of the gun was completed only in September 1984 because the barrel liner manu- 

facturer would not do the job until July/August 1984. The gun is now very precise, with accurate 

velocities. Because of inaccuracies, we believed that worthwhile ballistics experiments could begin 

only after we solved the gun problems. 

Despite the short time we have been able to to perform actual experiments, the accomplish- 

ments listed in Experimental Background have been achieved; one of the most significant is our 

development of an experimental ballistics gun which other laboratories can begin to use. (Or Feur- 

stein from USUHS will shortly be visiting our laboratory and may use a copy of our gun in his labora- 

tory). We will be in a position to publish a paper on the gun design in the next few months pending 

discussions with Mr. Carpenter. 

We have preliminary data on brain swelling and electrolytes following wounding (Experimental 

Background No 4) but this study will not be complete until March/April 85. 

We have presented preliminary data at the NATO meeting in Bethesda, Maryland, Ott 84, and 

our brain edema data have been accepted for presentation at the 5th International Ballistics Sympo- 

sium, Cothcnberg, Sweden, June 1985. 
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New Orleans, Louisiana 70112 
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A.B. - Yale College, New Haven, Connecticut, 1956 
M.D. - Cornell University Medical College, 
New York City, 1960 
M.S. - (Neurosurgery) University of Minnesota, 
Minneapolis 1970 

University of Minnesota Hospitals, l-7-60 to 30-6-61 
(General Surgery) 

University of Minnesota Hospitals, 1-7-61 to 30-6-62 
(General Surgery) 
University of Minnesota Hospitals, l-7-62 to 30-6-67 
(Neurosurgery) 
Mayo Clinic, Rochester, Minn. l-l-65 to 30-6-65 
Rotation from University of Minnesota 

Connecticut, Louisiana 

American Board of Neurological Surgery, 1970 

Hartford, Connecticut, 1967-1968 

Commanding Officer, 378th Medical Detachment (KE) 
and Chief of Neurosurgery, 312th-91at Evaucetion 
Hospitals, Chu Lai, Republic of Vietnam 1968-1969. 
Chief of Neurosurgery, William Beaumont General 
Hospital, El Paeo, Texas, 1969-1970 
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Aesiatant Profesaor of Surgery/Neurosurgery, 
Louisiana State Medical Center 1970-1974. 
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Bell Award Louisiana Heart Association 1981-1982 
Cerebral blood flow and water extraction in rats. 
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U.S. Army Contract # DAMDl?-83-C-3145 1983-:985 
physiological Effects of an Experimental Missile 
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Congreas of Neurological Surgeons 
American Association of Neurological Surgeons 
Society of University Neurosurgeons 
Neurosurgical Society of America 
Southern Neurosurgical Society 
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Fellow, American College of Surgeons 
Louisiana Medical Society 
American Medical Association 
Royal Society of Medicine, London, England 
Founder Member, International Society of CBF and 
Metabolism 

1) Effect of hypoglycemia upon cerabrospinal 
fluid production, iodide clearance and brain 
electGolytes 

2) Amino acid clearance from cerebrospinal fluid 

HOSPITAL STAFFS: Charity Hospital, New Orleans, Louisiana 
Southern Baptist Hospital, New Orleans, Louisiana 
Hotel Dieu Hospital, New Orleans, Louisiana 

EXAMINER, NEUROSURCICAL BOARDS: 
September, I980 

VISITING PROFESSOR: University of Kentucky, Lexington, Ky 
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PUBLICATIONS 

War Neurosurgery 

1. Carey ME, Young HF, Mathis JL, Forysthe 3: A bacterio- 
logical studs of craniocerebral missile wounds from Vietnam. 
J Neurosurg -34:145-154, 1971 

2. Carey ME, Young HF, Mathis JL: The bacterial contamination 
of indriven bone fragments aesociated with craniocerebral missile 
wounds in Vietnam. Ml1 Med 135:1161-1165, 1970 

3. Carey ME, Young HF, Mathis JL: The neurosurgical treatment of 
craniocerebral missile wounds in Vietnam. Surg Gynec Obstet 
135:386-390, 1972. 

4. Carey ME, Young HF, Mathis JL: The neurosurgical treatment of 
craniocerebral missile wounds in Vietnam. An analysis of 224 Viet- 
namese sustaining brain wounds. The Vietnam Military Medical 
Journal 40:25-36, 1972 

5. Carey ME, Young HF, Mathis JL: The outcome of 89 Americans and 
224 Vietnamese sustaining brain wounds in Vietnam. Mil Med 139: 
281-284, 1974 
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7. Carey ME, Young HF, Rish BL, Mathis JL: A follow up study of 
103 American soldiers who sustained a missile wound in Vietnam. 
J Neurosurg 41 :542-549, 1975 
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Dillion JD, Kistler JP, et al. : Analysis of brain abscess 
after penetrating cranioxal injuries in Vietnam. Neurosurg 
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Neurosurgical infections 

1. Carey ME, Chou SN, French LA: Long term neurologic residua in 
patisnts surviving brain abscess with surgery. J Neurosurg 34:652- 
656, 1971 

2. Carey ME, Chou SN, French LA: Brain abscesses seen at the Uni- 
versity of Minnesota Hospitals 1946-1965. J Neurosurg 36:1-10, 1972 

3. Carey ME, Chou SN: Brain Abscess in Conn. HF (ad): Current 
Therapy , Philadelphia, WB Saunders Co., 1974 

4. Carey ME, Chou SN: Infections of the brain, meninges and skull, in 
Practice of Surgery, Hagerstown, Md., Harper and Row Publishers 
Inc., 1977 

5. Carey ME: Neurosurglcal infections, in Howard, RJ and Simmons RL 
(eds) : Surgical Infectious Disease New York, Appleton Century- 
Crofts, 1981 

6. Carey ME, Brain Abscesses in Contemporary Neurosurgery 3: l-5, 1982 

7. Carey ME: Infectious diseases in (ed) Rosenberg RN: The Clinical 
Neurosciencea Chapter 10, New York, Churchill Livingstone, 1983 

8. Carey, MS: Infections of the central nervous system. (In press, Harper & 
Row) 

9. Carey, ME: Treatment of brain abscesses: Current Therapy in Neurosurgery 
(In press) 
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Physiology 

1. Carey ME, Vela AR: The effect of arterial hypotension upon the 
rate of cerebraspinal fluid formation in dogs. 3 Neurozurg 41 :350- 
355, 1974 

2. Vela AR, Carey ME, Thompson BM: Further data on the acute effect 
of intravenous steroids on canine CSF secretion and absorption. J 
Neurosurg 50:477-482, 1979 

3. Roheim PS, Carey ME, Forte T, Vega CL: Apoliopoproteins in 
human cerebrospinal fluid. Proc Nat Acad Sci 76:4646-4696, 1979 

4. Carey FE, Davson H, Bradbury MWB: The effect of acute hypoglycemia 
upon cerebrosplnal fluid production, iodide clearance and 
brain electrolytes in the rabbit. 3 Neurosurg 54:370-379, 1981 

5. Carey ME, Davson H, Bradbury MWB: Effect of severe hypoglycemia 
upon cerebrospinel fluid production, iodide clearance and brain 
electrolytes in rabbits (with preliminary observations on 
the penetration of insulin into CSF) in Cervos-Naverro J, 
Fritachka, E., (eds): Cerebral Microcirculation and Metabolism 
New York, Reven Press, 1981 

6. Davson H, Hollingsworth JG, Carey ME, Fenstermacher JD: Ventriculo- 
cisternal perfusion of twelve amino acids in the rabbit. j 
Neurobiol 12:293-318, 1982 
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1. Carey ME, Nancs FC. Kirgia HIJ, Young HF, Megison L, Kline DC: 
Pancreatitis following spinal cord injury. Neuroaurg J 
47:917-922. 1977 

2. LaCour F, Trevor R, Carey ME: Arachnoid cyst and associated sub- 
dural hematoma. Arch Neurol 35:84-89, 1978 

3. Schecter FC, Carey ME, Bryant LR: Bilateral apical intrathoracic 
masses associated with Von Recklinghausen’s disease. 75:367- Chest, 
368, 1979 

4. Carey ME: Brain Trauma in Practice of Medicine, Hagerstown Md., Harper 
and Row, Publishers, Inc., 1979 

5. Correa AJE, Rodriguez M, Carey ME: SIADH after subarachnoid hemorrhage 
and craniotomy. South Med J 73 :932-934, 1980 

6. Carey ME: Brain Trauma in Spittell JA, Jr. (ed) Clinical Medicine 
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7. Carey, ME: Treatment of gunshot wounds. 
(In press) 

Currant Therapy in Neurosurgery 
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Books in Preparation 

1. War Neurosurgery (for Surgeon General, US Army) 

2. Oral intervlews with War Neurosurgeons and Neurologists 
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1 . Carey ME, Vela AR: The effect of multiple levels of arterial hypo- 
tension upon the rate of cerebroepinal fluid formation in dog. & 
Proc 33:360, 1974 

b 
5. Vela AR, Coralss RL, Carey ME: The effect of cerebral venous 

drainage obstruction upon cerebrospinal fluid accumulation. Fed Proc 
34:597, 1975 

3. Vela AR, Carey ME, Thompson BM: The effect of dexamethasone on 
canine carebrospinal fluid production. Fed Proc 35:268, 1976 

4. Fritschka E, Carey ME, Vela AR, Spitzer JJ: Effect of insulin 
induced hypoglycemia on cerebrosplnal fluid production. Dept. of 
Physiol and Neuroaurg, L.S.U. M.C. Sch., New Orleans, La. Society 

for Neurosciences, 1977 
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Talks Presented 

1. Bacteriology of War Wounds: Gary Wratten Symposium, 1970, Walter Reed 
Institute of Research, Washington, D.C. 

2. Bacteriology of War Wounds: Congress of Neurological Surgeons, 1370. 

3. Mortality and Morbidity Associated with Craniocerebral Missile wounds in 
Vietnam, Gary Wratten Symposium, 1971, Walter Reed Institute of Re- 
search, Washington, D.C. 

4. Mortality and Morbidity Associated with Craniocerebral Missile Wounds in 
Vietnam, Southern Society of Clinical Surgeons, 1971. 

5. Mortality and Morbidity Analysis of 91 American Soldiers with Intracere- 
bra1 Wounds: Congress of Neurologic Surgeons, 1971. 

6. Intermediate Follow Up on 89 American Soldiers who Sustained Intracerebral 
Missile Wounds in Vietnam. Gary Wratten Surgical Symposium. Walter 
Reed General Hospital, Washington, D.C., 1972. 

7. Intermediate Follow Up on 89 American Soldiers Who Sustained Intracerebral 
Missile Wounds in Vietnam. Congress of Neurological Surgeons, Post Con- 
vention Meeting, Colorado Springs, Cola., 1972. 
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1’1. Prophylactic Antibiotics in Neuroeurgery. American Association of Neuro- 
logical Surgeons, New Orleans, Louisiana, April, 1978. 

18. Treatment of Brain Abacsaa (Seminar). American Association of Neurological 
Surgeona. Los Angeles, California, April 1979. 
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Member of the non-clinical scientific staff at the Medical Re- 
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PROBLEM AREAS 

(I) 

(2) 

(3) 

(4) 

Y 

Projea cost! Wh]la monies requested are substantial, this initial outlay will ultimately save the 

IJS Army money. We are taking the most direct, up to date research approach to learn about 

the number one cause of death from combat wounding. Prudence dictates that brain wounding 

be studied intensively and definitively for timely investigation of the most appropriate therapy. 

Our proposal includes study of most of the major areas relating to brain function. Quickly learn- 

ing how a missile wound causes dysfunction in these crucial areas will most efficiently point the 

way to future research and effective therapy. Insights gained will prevent the Army from expen- 

ding funds in non-productive research areas related to brain wounding. Purchase of non-effcc- 

tive drugs will be avoided. 

Too diverse! The proposal covers a variety of fields of study, including brain metabolism, CBF, 

808, neurotranrmltters and behavior. It may be argued that we are attempting to do too many 

diverae topics. However, we feel that each aspect of the project is interrelated and merits 

detailed investigation. Dr, Sarna has an extensive background in each area of study proposed 

#rid has published Dawrs in each field (see Curriculum Vitae). Dr. Carey, a neurosurgeon and 

research scientist, who from his Personal experiences in Vietnam has a very practical awareness 

for thd necessity of developing new treatments for brain missile wounded soldiers. We are in a 

porition to apply the knowledge gained from the animal project to the clinical situation. 

Lev&J of hypovolemic shock, In the proposal we are considering an experimental group of ani- 

mals that are hemorrhaged following brain missile wounding. This is to simulate in the labora- 

tory the hypovolomic shock that occurs in conjunction with many brain wounds in combat58. It 

is known that reducing tha cerebral perfusion pressure to below 40 mm Hg results in marked 

Ohurges In brain energy metabolites of non-traumatized animals 120 . We have chosen to reduce 

tM MABP to 40 mm Hg (a cerebral parfusion pressure of approximately 80 mm Hg) for 1 hour 

and PrelimiIWy experiments will determine whether this level of hypovolemic shock is too ex- 

treme to get enough animals for the behavioral evaluation, 

MUhiDk drug theram? Brain missile wounding results in a number of complex pathophysiological 

changes. We recognize that the most efficacious treatment may not be a single drug but a 
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combination of drugs with or without respiratory support. 

Blocked catheters8 Repetitive sampling of CSF and blood for up to 21 days following brain 

missile wounding has been proposed. There many be a number of cats in which the CSF catheter 

in particular becomes blocked. 

CSF metabolitesr We will be using the levels of 5HlAA, DOPAC and HVA in CSF as indices of 

serotonergic and dopamlnergic function. Most previous studies have only measured the free 

forms of DOPAC and HVA which are only valid indices if no conjugated forms are present. The 

proportlon of conjugated DOPAC and HVA in cat CSF is unknown. We will determine whether 

conjugated forms116 are present and if so use total (free + conjugated) DOPAC and HVA as 

indices of dopamincrgic function. 

Fluorescence contaminantsr We will be using fluorescence photography to determine ischemic 

brain areas following brain missile wounding as indicated by increases in NADH fluorescence. 

However it is known that artificially high fluorescence is observed with the presence of hemo- 

globin in frozen brain slices. This is a potential problem in our animal model as there is blood 

both focal and distal to the missile tract. However, we are not relying on native fluorescence 

alone in determining NADH levels but will be taking samples of frozen brain regions for direct 

blochemlcal analysis. 

CBF studiesr Accurate determination of CBF using [131]-iodoantipyrine using autoradiographic 

procedures rquirer knowledge of the intravascular space for background correction. Marked 

alterationa in blood volume will influence the CBF values obtained. We will therefore only 

make detailed CBF measurements in areas shown to have an intact blood-barrier and normal 

blood volume as indicated by the sucrose studies. Autoradiography is now widely used for the 

determination of regional cerebral glucose metabolism and has been used in studies of concus- 

slve head injury. We do not propose to do glucose utilization studies as it would require too 

many assumptions to be made, e.g. normal glucose influx and steady state kinetics. The radio- 

labelled substrates proposed for our autoradiographic studies are either freely diffusible (iodo- 

antipyrine) or relatively impermeable (sucrose) and are not influenced by either facilitated 
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transport processes or metabolism. 

(9) Personnel and Work Load:, The wide number of procedures to be employed in the project quill PA 

require additional personnel. We will have a PhD with a background in biochemistry to establish 

the blood and brain metabolite assays. This appointment :rill last 1.0-1.5 years. Following this 

we will obtain Services Of a PhD familiar with autoradiography for the proposed CBF and BBB 

studies. Another new’ technician will be employed for the duration fo the project. The relatively 

high rates of salary requested is to enable personnel of high academic merit to be attracted to 

the Project, This ~41 ultimately save the Army money hecause a Sigher quality of research will 

be accomplished in the rhortest time. 

(10) Future proposals: The techniques to be employed the present proposal can be extended in many 

ways for future study e.g. 1) autoradiography may be used to localize and characterize Specific 

receptors for neurotranmitters and 2) repetitive monitoring with a dialtrobc would allow dcter- 

mineation of the release of various neurotransmitters which more closely reflect behavioral 

changes and 3) levels of CSF neurone specific enolase would give direct indices of the extent of 

brain damage. 

(1 I) Lack of publications from presently funded research: This is entirely because of the lab start- 

up, initial gun malfunction (now corrected) and DOD “holds” on reseach. Both investigators 

have, in the past, published articles in referred journals concerning brain electrolytes, our 01 

contract obligations. Our current investigations in this area had been proceeding satisfactori)Y. 

Now that we can once again do experiments, we anticipate concluding this phase of research in 

the spring of 1%X 
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ANIMAL USE DOCUMENTATION 

Investigators : Michael E. Carey, M.D., M.S., and George S. Sarna, ?h.D, 

Project Title : An Experimental Brain Missile Wound: Ascertaining 

Pathophyaiology and Evaluation of Treatments to Lower 

Xortali ty and Morbidity 

We will use 3-4kg mongrel cats, delivered to LSU by the USDA licensed 

dealer whom we have used for the past 1.5 years. We will try to get cats 0.5 

to 2.0 years old. Our experiments will require T-4 cats/week for 2 PhDs; 

yearly requirements will be 150 to 210 cats per year. 

All cats will be quarantined for 2 weeks upon receipt by LSU and given 

various shots by our in-house veterinarians. We will observe and score their 

normal behavior during quarantine 2 days directly before experimentation. We 

will anesthetize all animals for surgery and wounding so they will feel no 

pein. Anesthesia will consist of IP or IV Brevital (R) or Halothane-N20/02 

70/30 via anesthesia box or endotracheal tube. Local 1% xylocaine anesthesia 

also will be used in any animals getting N20/02 alone after halothane 

induction. All animals will have an endotracheal tube initially. Surgery 

under anesthesia will consist of one or two 7-4~1s groin incisions for arterial 

and venous catheter placements plus a 4cm scalp incision for removal of the 

anterior wall of the right frontal sinus. We will perform surgery under clean 

condition8 for our acute cats (to be sacrificed on the same day) and sterilely 

for longer term cats (to remain alive for 21 days) which we wish to observe 

and score for behavior after wounding and treatment. We will not allow acute 

cat8 to awaken after wounding. After completing the experiment, we will 
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secrifice them with simultaneous IV barbiturate and decapitation or IV KCL and 

brain freezing with liquid N2. We will anesthetize the longer term cats as 

the acute ones but surgery and wound closure will be sterile. We will wound 

these cats with a sterile sphere to obviate infection. After wounding and 

closure of the 4cm scalp wound, we will remove chronic cats from the 

etereotaxic frame ao they will have no pain upon awakening. We will remove the 

endotracheal tube as soon as safely possible. These wounded animals will be 

placed in warmed cages in our laboratory for intensive nursing care as needed 

during their early post-wounding convalescence. Maintenance fluids will be by 

iP route. We will treat them with penicillin and apply local antibiotic to the 

wounds. We have already done 2 chronic cats in this fashion (purchased with 

local, non DOD funds). They seemed to awaken well and did not appear to be in 

y pain from their minimal surgery or wounding . an After 3-4 days even the 

hemiparetic cat could eat and drink well on his own. Neither brain-wounded 

animal developed an infection and we could easily observe their neurologic 

behavior. 

We will wish to monitor power spectral EECa and blood and CSF metabolites 

for 3 weeks after wounding in certain subacute cats to aid in assessing drug 

therapy en 
c 

posible effects of drugs on brain function during the recovery 
,J 

phase. These animals will have a chronic cisternal cannula and 4 skull screws 

attached to EEC leads from a Harvard infusion-and-electrical-swivel for 

connection to infusion pumps and EM;. These cats will be restrained as needed 

in a Harvard sling. These are all standard laboratory designs and procedures 

which Dr. Sarna has utilized in the rat. Ultimately longer term animals will 

be painlessly sacrificed with IV barbiturate plus decapitation or brain 

freezing with liquid N2. 

Both acute and chronic animals must be sacrificed so we can analyze their 

brains for energy status (NAD/NADH,ATP/Pcr/Lactate), blood flow, blood-brain 
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barrier and neurotransmitters by HPLC. 

JUSTIFICATION FOR CATS AS THE EXPERIMENTAL MODEL 

We have selected the cat for our experimental animal because it is small, 

relatively inexpensive and thus a feasible animal for drug screening and 

detailed physiologic studies. Because of its relatively low weight, isotope 

doses, while expensive, sre not prohibitive (as would be in a 40 pound 6 month 

old miniature pig). Most importantly, however, the cat has ample grey and 

white matter as does the human brain. Traumatic brain edema develops primarily 

in white matter. Smaller animals as rabbits and rats have very little cerebral 

hemisphere white matter, their mantle consisting primarily of cortical gray. 

Their brains, therefore, are quite unlike humans. Mongrel dogs have irregular 

head shapes precluding uniform fixation in the stereotaxic frame and standard 

wound placement. In doing ballistics work one also has the scaling factor. In 

Vietnam, the average missile weight causing a fragment wound was 0.1 to 0.2661s. 

The human brain weighs 1300gm. In our experiments we create a brain wound in a 

25gm cat brain with a 0.030gmsphere. Our missile is S-16 timee too heavy, 

proportionately, but according to Mr. Robert Carpenter, formerly of the 

Edgewood Arsenal who designed our helium gun, a 0.030gm sphere is the smallest 

that can be practically fired. Use of a 0.03Ogm sphere in a smaller animal as 

rat (l.Ogm brain) or rabbit (7.Ogm brain) would be quite unrealistic and would 

not provide appropriate information for transfer to the human situation. Use 

of the cat represents a compromise between animal size, brain size and 

configuration, and missile size to obtain the most,sophisticated, physiological 

results possible to elucidate the human brain wound. 

To our knowledge we are the first to use cats for experimental ballistics 

research and, the first to carry out such experiments with a realistically 

small missile through the intact skull. As long ago as 1942, ’ 2’ however, the 

cat was used to study brain swelling relative to militam wounds, In recent 
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years the cat has been extensively used to study brain swelling, brain 

energy states,54 blood flow and percussion injU?y. 57,59,62,63,108,109 

Our 5 year experimental program is outlined in the following table- we 

have tried to gain appropriate data with the minimal number of cats. 
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I. NEUROLOGICAL STATUS 

(a) Mortality and morbidity 
(multiple energie.9) 

(b) Effect of various treatment 
regimes on mortality and 
morbidity (1 .35J, 
normoteneive cats) 

(c) The pathophysiological 
consequences of the moat 
efficacious treatment(s) 
will be studied (1.355, 
normotensive cats) 

iI* PATHOPHYSIOLOCICAL STATUS 

Number of 
Cats 

Year of 
Project 

90 01 

240 01,02,03,04,05 

72 03,04,05 

(a) Acute physiological 
consequences: CNS and 
systemic 

(b) Cerebral trauma: Effect8 on 
(i) Regional cerebral energy 

metabolism 
(ii) Neurotransmitter systems 

(iii) Cerebral blood flow 
(iv) Blood-brain barrier 

(c) Chronic physiological and 
neurochemical consequences 

(d) Determination of cerebral 
edema and electrolytes 

SUB TOTAL 

90 

100 

100 

100 

75 

061 

01 ,02 ,o: 

01,02,03,04.05 

02,03,04,05 

02,03,04 

02,03,04 

Additional cats for failed experiments 147 

TOTAL CATS REQUESTED 1010 
The LSU Animal Facility is staffed by two veterinarians who evaluate and 

treat all animals aesurrlng their comfort and good health. They are able to 
diagnose and treat feline diseases. The LSU Animal Facility is fully AAALAC 
accredited. 

In this project we will adhere to all precepts for animal care contained in 
the Guide for the Care and Use of Laboratory Animals (PHS Pub #SO-23, 
1980) 
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Campus Correspondence 

FPOt.4. 

TO. 

LJ Nx 

0 

n 

LOUISIANA STATE UNIVERSITY 
SCHOOL OF MEDICINE 

&&,afiqyyq+ox, D.V.M. NO: 

This will acknowledge receipt of the Research Summar:? for 
your grant proposal entitled: 

PHYsIoLoQIcAL EFFECTS Of An ExPElunMzAL IISSILE uouND To THE 
BRAIN 

Your proposal as written is acceptable to this department. When you 
submit the final draft of Your grant proposal to the Assistant to the 
Chancellor. please include a copy of this memo. 

IMPORTANT: Please inform the Animal Care Department Director immediatelv 
upon notlficatinn of grant approval and funding. At this time, we strongly 
recommend that you inform the Animal Care Department of specific details 
concerning any special care of animals to be used for your research project. 
Reference No. 

We have forwarded your proposal to the Chairman of the 
Committee for evaluation and studv. We suggest that YOU contact the 
Chairman of that committee to obtain furth;; details and information. 
Animal Care approval of grant proposals is subject to approval by the 
respective Committee. 

The information contained in your proposal should be discussed with the 
Animal Care Department Director. Please call 566-6090 in order to 
establish a time and date to discuss this more fully. 

Director, Animal Care Dept. 

RRG/lbh 

Y 
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OTHER SPONSORS AND/OR SUPPORT: 

We are currently funded by the Army DAMD17-83-C-3145 until 1st October 1985. 

Abbreviation 

AA 

ABC 

AD 

AOV 

ATP 

I388 

BP 

CBF 

cc 

cm 

CNS 

co 

co2 

CSF 

CT 

DA 

DOD 

DMSO 

DOPAC 

eec 

ETCO2 

Definition 

Amino acids (tryptophan, phenylalanine, tyrosine, 
methionine, histidine, leucine, isoleucine, valine, 
threonine, asparagine, scrine, proline, glutamine, 
ornithine, lysine, arginine, glutamate, taurine, 
alanine, glycine, aminobutyric acid). 

arterial blood gases 

adrenaline 

analysis of variance 

adenosine - 5’ - triphosphate 

blood-brain barrier 

blood pressure 

cerebral blood flow 

cubic centimeter 

centimeter 

central nervous system 

cardiac output 

carbon dioxide 

cerebrospinal fluid 

computerized tomography 

dopamine 

Department of Defense 

dimelthylsulfoxide 

di-hydroxyphenylacetic acid 

electroencephalogram 

end tidal CO2 
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ft 

g 

CLU 

“g 

5-HIAA 

HPLC 

HR 

HCT 

HVA 

ICP 

I.V. 

I.P. 

J 

kg 

L-dopa 

MABP 

mCi 

W 

mg 

MHPC 

min 

ml 

u1 

mm 

MW 

Nt 

Na 

foot 

gram 

glucose 

mercury 

5-hydroxy-indole-3-acetic acid 

high performance liquid chromatography 

heart rate 

hematocrit 

homovanillic acid 

intracranial pressure 

intravenous 

intraperitoneal 

joule 

kilogram 

L-dihydroxyphenylalanine 

mean arterial blood pressure 

milliCurie 

micro-Curie 

milligram 

4-hydroxyphenethyleneglycol 

minute 

milliliter 

microliter 

millimeter 

molecular weight 

nitrogen 

sodium 

” 

-- 
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Na/K 

NAD 

NADM 

NATO 

w 

NOR 

02 

OSM 

PaCo2 

Per 

PE 

PSA 

THAM 

TRH 

USUHS 

WDM ET 

sodium potassium ratio 

nicotinamide 

reduced nicotinamidc 

North Atlantic Treaty Organization 

nitrous oxide 

noradrcnalin 

oxygen 

ormolarity 

arterial partial pressure of carbon dioxide 

phosphocreatine 

polyethylene 

power spectral analysis 

tromethaminc 

thyrotropin releasing hormone 

Uniform Services University of Health 
Sciences 

Wound Data and Munitions Effectiveness Team 
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The LSU research team provided us with written information on the 33 
experiments performed to date. These experiments involved the 
following: 

blood gas controls, 
electrolytes, 
preinjected Evan’s Blue Dye, 
prostaglandins, 
Evan’s Blue Dye injected postwounding, 
physiology, 
coagulation factors, 
histology, 
behavior, 
cerebral blood flow, 
apnea, 
plasma catecholamines, 
brain catecholamines, 
recovery, 
glucose catecholamines, 
photog, . 
blood contamination, 
audio-evoked potentials, 
pulmonary edema, 
TTC-BBB breakdowns, 
circling (isoflurane), 
left ventricular cannula, 
anesthesia, and 
blood flow in the brain and other body organs following brain missile 
wounding (10 experiments). 

The LSU team’s written information was provided, in June 1989, to our 
panel for its review. In September 1989, we interviewed various mem- 
bers of the LSU research team to clarify and supplement aspects of the 
written information. 

This appendix contains all information we received about the 33 experi- 
ments, with, first, a summary of the procedures needed to prepare ani- 
mals for wounding (anesthesia protocols A and B). Most of the 
information is quoted from the written description provided by LSU; we 
have made minor editorial changes to these. All emphases noted were in 
the original text, We have also included updated information obtained 
from our September interviews. 
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Anesthesia Protocols 
A and B for Research 
as Performed 
(Summary of 
Procedures) 

Protocol A: Protocol for 
Acute Physiologic 
Experiments 

1’. The cat is weighed and given the appropriate dose of pentobarbital 
(approximately 40 mg/kg) via IP injection. 

2. The adequacy of the anesthesia is tested using the two following 
criteria: 

a. lack of limb withdrawal from a mild pinch (using index finger and 
thumb) between the toes; and 
b. absence of cornea1 reflex to touch (tip of paper tissue touched to 
cornea). 

A small (approximately l/2 inch) incision is made on the right rear leg 
for cannulation. After treatment of the incision with lidocaine (2%), the 
femoral artery is cannulated to monitor blood pressure, and the femoral 
vein is cannulated for anesthetic supplementation. If the cat shows any 
indication of inadequate anesthesia, it is supplemented with pentobar- 
bital in titrations of 6.5 mg via IV injection. 

3. After application of 2% lidocaine to the epiglottis, an endotracheal 
tube (with 2% lidocaine gel applied to the end) is inserted. 

4. The cat is mounted in the stereotaxic frame. 

a. An arterial catheter, is attached to a pressure transducer, and the 
endotracheal tube is connected to a CO, monitor. 
b. Depth of anesthesia is again assessed using the previously described 
criteria as well as the MABP, end-tidal CO,, and respiratory rate. All of 
these factors together are much better indicators than any one alone. 
c. Again, anesthesia is titrated in aliquots of 6.5 mg until sufficient 
dosage is achieved. 

Page 167 GAO/HRD-91-30 Army Biomedical Brain-Wound Research 



Appendix III 
Deecription of I&U Research Experiments 

5. The surgery is performed: 

a. The cat’s head is shaved and a 2-inch incision is made midline. The 
anterior wall of the right frontal sinus is removed. 
b. A small (2 mm) burr hole is then made on the left side for insertion of 
an intracranial pressure (ICP) transducer. 
c. The cat is observed for any signs of discomfort and is supplemented 
as needed through the venous cannula. 

6. The missile wound is induced. The cat is given respiratory support as 
required and is removed from the frame within minutes of wounding. 
Deep anesthesia is maintained throughout. 

Protocol B: Standard 1. The cat is weighed, and an appropriate dose (40 mg/kg, IP) of pento- 
protocol for cats Intended barbital is administered. 

to Survive and Used for 
Behavioral and Drug 

2. The weight of the cat is entered into a computerized record. 

Testing for Research 3. ALL SURGICAL PROCEDURES ARE PERFORMED UNDER STERILE 
as Performed CONDITIONS. [Emphasis in original.] 

4. The adequacy of the anesthesia is tested using the two following 
criteria: 

a. lack of limb withdrawal from a mild pinch (using index finger and 
thumb) between the toes; and 
b. absence of cornea1 reflex to touch (tip of paper tissue touched to 
cornea). 

Once the depth of anesthesia is deemed adequate, one arterial cannula is 
implanted after treatment of the incision area with local anesthetic (2% 
xylocaine). IF THE CAT SHOWS ANY SIGN OF DISCOMFORT DURING 
THE CANNULA IMPLANTATION PROCEDURE, GENERAL ANES- 
THESIA IS SUPPLEMENTED WITH PEN’IDBARBITAL (6.5 MG) VIA 
THE ARTERIAL CANNULA. 

RATIONALE FOR THE IMPLANTATION OF AN ARTERIAL CANNULA 
ONLY: An arterial cannula is inserted in the right rear leg to measure the 
MABP. Since the cannulated artery is eventually tied off, no venous can- 
nula is inserted into the right rear leg in order not to compromise the 
venous return from the same leg. The left rear leg is not cannulated at 
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all because it becomes paretic following injury. Supplemental anesthetic 
can be safely given through an arterial cannula. 

6. An endotracheal tube, smeared with topical anesthetic (2% xylocaine 
jelly), is inserted after application of local anesthetic (0.5 ml 2 percent 
xylocaine) to the epiglottis. 

6. The cat is mounted in the stereotaxic frame, then 

a. the MABP transducer is attached to the arterial cannula; 
b. the endotracheal tube is attached to an end-tidal CO, monitor; 
c. the depth of anesthesia is rechecked using the two criteria described 
above as well as the MABP and respiratory rates; and 
d. the cat may receive supplemental pentobarbital based on the above 
four criteria as a group. This is a judgment call, as no one criterion is a 
perfect indicator of the depth of anesthesia. Supplements are given, in 
aliquots of 6.5 mg, through the arterial cannula. 

7. The surgery is performed. 

a. An area of the cat’s head is shaved, and a 5-cm scalp incision is made. 
b. The anterior wall (1 cm x 1 cm) of the right frontal sinus is removed. 
c. If the cat shows any signs of discomfort during any of these proce- 
dures, supplemental pentobarbital is given as required (6.5 mg, via the 
arterial cannula). 

RATIONALE FOR NOT INSERTING AN ICP PROBE: The ICP probe is not 
inserted into these cats because 

. prior results indicate that the injury caused by a 0.9 joule missile wound 
causes only a very modest increase in ICP on the average (20 mm/Hg 

versus 6 mm/Hg for control). This modest rise is not at all life threatening. 
. the insertion of the ICP probe could possibly lead to other problems, such 

as additional brain injury caused by tearing of the ICP probe due to 
movement of the brain against the stationary probe after the missile 
injury; thus, insertion of the ICP probe would add nothing to the experi- 
ment except the possibility of added nonspecific damage to the brain. 

8. ALL cats used in behavioral studies are injured by a 0.9 joule missile 
ONLY, because there is a greater chance of survival (approximately 70 
percent) at this missile energy level. 
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9. After injury, the scalp incision is sutured. The femoral arterial can- 
nula removed, the artery tied off, and the groin incision sutured. Once 
assured of adequate respirations, the cat is suctioned through the endo- 
tracheal tube: and it is then removed. 

10. The cat is given antibiotics (penicillin G, 300,000 U, IM) and topical 
anesthetic (2% lidocaine jelly) is applied to the sutures (scalp and groin). 

11. The cat is returned to the animal care facility and covered with a 
blanket. AS PART OF OUR STANDARD PROTOCOL, THE VETERI- 
NARIAN IS NOTIFIED, AND LACTATED RINGERS SOLUTION (180 cc) 
IS ADMINISTERED THE NEXT MORNING. ADDITIONAL ANTIBIOTICS 
ARE ALSO ADMINISTERED BY THE VETERINARIAN FOR THE FIRST 
3 DAYS POSTINJURY. 

12. Topical anesthetic (2% lidocaine jelly) is applied to the sutures (scalp 
and groin) once daily for the first 3 days postinjury. 

13. The cat is observed daily to determine if it is eating and drinking ad 
lib. If the cat is not able to eat and drink, the VETERINARIAN IS NOTI- 
FIED and lactated ringer’s (180 cc) is given. Most cats are eating and 
drinking ad lib by the SECOND day postinjury. ALL cats are eating and 
drinking by day three postinjury. 

14. ALL behavioral tests begin on day THREE postinjury and retesting 
is performed every third day for 30 days, then weekly thereafter for 4 
more weeks. 

15. NONE of the behavioral tests are traumatic to the cats. The cats are 
INDUCED to walk the balance beam using canned tuna fish as a rein- 
forcer. Tuna is an excellent reinforcer because NO food deprivation is 
needed for its reinforcer qualities. 

16. NOTE: NO PARALYZING DRUGS ARE GIVEN AT ANY TIME 
DURING THESE EXPERIMENTS. 

Experiments 

I. Blood Gas Controls Initial experiments were concerned with establishing a model for pene- 
trating head wounds. After a decision to use pentobarbital instead of 

Page 190 GAO/HRD-91-30 Army Biomedical Brain-Wound Research 



Appendix III 
Description of ISU Research Experiments 

Updated Information 

inhalants, the researchers performed experiments to ascertain their 
ability to control blood gases in anesthetized, paralyzed animals (Cl, C2, 
RCl, RC2). Upon wounding the first animal thusly (Ml), the researchers 
became interested in the effect of wounding on spontaneously breathing 
animals (M2, M3, M4, M5, M6, M9). Two more paralyzed animals were 
wounded (M7, M8), but the spontaneously breathing animal was decided 
to be the more appropriate model. All paralyzed cats were provided 
with respiratory support as well as additional anesthesia and Pavulon 
every hour to ensure that they felt no pain. Protocol A was followed 
with the following exceptions: 

. Initial anesthetic induction was achieved via IV injection. 
l No ICP transducer was used. 
l Cats were sacrificed by rapid decapitation or fix-perfusion. 

The purpose of the experiment was to see what anesthesia and 
wounding did to blood gases, Researchers monitored blood pressure and 
respirations but not ICP at this time. A straight-on trajectory was used; 
this was later changed because of the “terrible” brainstem effects 
observed. The final position of the animal was with the head rotated 200. 
[See table IILl.] 

Table 111.1: Animals Used in the Blood 
Oar Controls Experiment Pentobarbital Pentobarbital with Pavulon -. .-~- 

Control animals 0 CGntrol animals 4 ~.~- -.- ----____-- .--__ 
Deaths 0 Deaths 0 -~-... __----~-- .._ -~----~~~~~ ~. 
Study animals 6 Study animals 3 

Deaths 0 Deaths 0 

II. Electrolytes One of the stated objectives of the first contract proposal was to mea- 
sure brain water and electrolytes in wounded brain tissue, both immedi- 
ately and at certain times after wounding. Only eight of these cats were 
paralyzed and respirated. Protocol A was followed on the acute cats 
with these exceptions: 

. Initial anesthetic induction was achieved via IV injection and cats that 
required supplementation were given Brevital. 

* No ICI’ transducer was used. 
l Cats were sacrificed by rapid decapitation. 
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..^ _.. . _- .._I . ~ 
The protocol used for the chronic animals was essentially that described 
in protocol B with these exceptions: 

. Initial anesthetic induction was achieved via i.v. injection, and those 
requiring additional anesthesia were given Brevital. 

. Steps 2,8, 14, 15, and 16 do not apply. 
9 Cats were sacrificed 1 to 7 days later by rapid decapitation after deep 

anesthesia was assured. 

I Jpdated Information Seventy-two of these animals were reported on in the Journal of Neuro- 
surgery with the physiology experiment. 

The purpose of the experiment was to study brain edema (the accumula- 
tion of water in the brain) and determine its occurrence, degree, resolu- 
tion, and type (that is, vasogenic edema occurs with brain-blood barrier 
breakdown and cytotoxic edema occurs with lack of blood supply) 
during and after missile wounds. Determination of edema type is of par- 
ticular importance. Statistical analysis was done with ANOVA and stu- 
dents. [See tables III.2 and 111.31. 

Table 111.2: Acute Animals Used in the 
Electrolytes Experiment Pentobarbital __..____--.- 

Control animals IO - 
Pentobarbital with Pavulon --.- 
Control animals 4 

Deaths 0 Deaths 0 

Study animals -..-_ .-______.- 
Deaths 

_._. - .-._.. ---.---... 
Table 111.3: Chronic Animals Used in the 
Electrolytes Experiment Pentobarbiial Pentobarbital with Pavulon 

Control animals 8 Control animals 10 
Deaths 0 Deaths 2 ___-..-.__- . .._ ____~....._ 
Study animals 31 Study animals 14 ._ __....._ __ _... --..-.---- ___-.-~___--. ._--..- 
Deaths 4 Deaths 4 __. -..~ ____. --- _______ 
Rod injury 4 Rod injury 6 ..-.-- . .---_---_- 
Deaths 0 Deaths 2 

III. Preinjected Evan’s 
Blue Dye u 

The first contract proposal indicated that the researchers would try to 
ascertain the effect of the lesion on BBB. To this end, anesthetized cats 
were injected with Evan’s Blue Dye (2%, 2.5 cc/kg) approximately 30 
minutes before missile wounding for qualitative determination of BBB 

Page 192 GAO/HRD-91-30 Army Biomedical Brain-Wound Research 



Appendix III 
Description of ISU Reserirch Experiments 

I Jpdated Information 
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breakdown after wounding. For acute cats, protocol A was used with 
the following exceptions: 

Cats used in earlier experiments were anesthetized initially via IV injec- 
tion. One cat (M50) was supplemented with Brevital, all others were 
supplemented with pentobarbital, as needed. 
No ICI’ transducer was used. 
No paralytic agents were used at any time. 
Cats were sacrificed by fix-perfusion. 

For chronic cats, protocol B was used with the following exceptions: 

Initial anesthetic induction was achieved via IV injection. 
Steps 2,8, 14, and 15 do not apply. 
Cats were sacrificed by fix-perfusion, after deep anesthetic induction, 1 
to 3 days after wounding. 

In this qualitative study of missile wounding and BBB breakdown and 
restoration, the hypotheses were that 

missile wounding causes a breakdown in BBB not only around the wound 
track, but also at a distance from the missile track (that is, causes dis- 
tant effects); 
missiles of higher energy cause greater disturbances; 
restoration of BBB occurs after missile wounding; and 
missiles of higher energy cause more prolonged damage to BBB (that is, 
restoration of BBB damage is delayed with missiles of higher energy). 

Evan’s Blue Dye is probably the most commonly used substance to study 
gross (qualitative) changes in BBB. The dye has a molecular weight of 
67,000. Under the circumstances of this experiment, the dye was found 
to be poorly tolerated by the animals if given before wounding. There 
had been no indication prior to using the dye that it would be fatal to 
the animals. 

A rod-induced injury was performed so as to compare a low-energy 
wound with a high-energy wound caused by the steel sphere. To induce 
the low-energy wound, researchers used a trephined hole, inserted the 
rod into the cortex very slowly and pulled it back out. [See table 111.4.1 

Page 193 GAO/HRD-91-30 Army Biomedical Brain-Wound Research 



Description of I&U Research Experiments 

. 

Preinjected Eva&s Blue Dye Experiment Pentobarbital 
Acute animals Chronic animals 
Control animals 0 Control animals 0 
Deaths 0 Deaths 0 

Study animals 38 Study animals 9 
Deaths 11 Deaths 6 

FailureS 5 Failures 0 

Rod injury 1 Rod injury 1 

Deaths 0 Deaths 0 

IV. Prostaglandins 

Ilpdated Information 

These experiments were undertaken to ascertain the effect of the lesion 
on brain and CSF prostaglandins. For acute cats, Protocol A was used 
with the following exceptions: 

. Initial anesthetic induction was achieved via iv injection. 

. No ICP transducer was used. 
l No paralytic agents were used at any time. 
. Cats were sacrificed by rapid decapitation. 

For chronic (24-hour) cats, protocol B was followed with these 
exceptions: 

. Initial anesthetic induction was achieved via iv injection. 
l Steps 2,8, 14, and 15 do not apply. 
l All cats were sacrificed the next day by rapid decapitation after deep 

anesthetic induction. 

Prostaglandins are very active substances that (1) may cause vasocon- 
striction or vasodilatation and (2) may affect nerve function. They are 
formed from the action of free radicals, which in turn are generated by 
brain damage; theoretically, prostaglandins can cause secondary brain 
damage. This damage may be avoided if the generation of biologically 
active molecules as prostaglandins can be prevented. 

The WJ team measured increases in four different CSF prostaglandins. 
All samples were taken at the times of sacrifice: 5 minutes, 1 hour, and 
24 hours after wounding. ANOVA was used for data analysis. Enormous 
increases were found in the CSF prostaglandins. 
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All of the acute animals were usable as were all of the chronic animals 
that did not die overnight. The chronic animals were kept in the animal 
care facility overnight and returned to the laboratory the next day and 
sacrificed. [See table 111.5.1 

Table 111.5: Animals Used in the 
Prostaglandin Experiment 

Acute animals 
Pentobarbital 

Chronic animals 
Control animals 7 Control animals 2 
Deaths 0 Deaths 0 -__.--._____-.- 
Study animals 24 Study animals 22 

Deaths 0 Deaths 5 

V. Evan’s Blue Dye 
Injected Postwounding 

1: Jpdattid Information 

Because the researchers had difficulty in getting cats pre-injected with 
&an’s Blue Dye to survive overnight, they decided to inject the dye on 
the date that animals were to be wounded. These cats were wounded on 
one day using Protocol B with the following modifications: 

Early animals were anesthetized with pentobarbital (IV). 
Steps 2,8, 14, and 15 do not apply. 
Cats were sacrificed by fix-perfusion after deep anesthesia and injection 
of the dye. 

Evan’s Blue Dye injected the day before wounding was very toxic to the 
cats, Therefore, in this experiment they were injected with Evan’s Blue 
Dye post wounding. [See table IIIG.] The unwounded side of the brain 
was used as the control. (Note: the animals were shot at 1.0 joules.) 

_., .- .._____ ..- ll”__--“.--_lll 
Table 111.6: Animals Used in the Evan’s 
Blue Dye Injected Postwounding All chronic animals (oentobarbital) 
Experiment Control animals 

Deaths 

Study animals 
Deaths Faiiures...- _~~~ --~ ___-- 

1 ____-- ___- 
0 .____... ~- 

44 

18 

6 

VI. Physiology These experiments were undertaken to ascertain the effects of brain 
Y missile wounding on various physiological parameters. These included 

blood pressure, ICP, blood glucose, hematocrit, blood gases, and end-tidal 
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CO,. Three animals (M245, M246, M247) were splenectomized to ascer- 
tain whether the observed rise in hematocrit was due to the emptying of 
the spleen. Protocol A was used for all of these animals with the fol- 
lowing modifications: 

l All cats were monitored for 6 hours after wounding but were removed 
from the stereotaxic frame within minutes of wounding. 

l Cats were sacrificed by fix-perfusion approximately 6 hours after 
wounding. 

All acute animals were administered pentobarbital, were not paralyzed 
or ventilated, and received no fluids during the procedure or monitoring 
period. Blood pressure tracings were recorded and used to manually 

’ count heart rate. Heart beats were counted for 10 to 15 seconds and 
multiplied by 6 or 4, respectively. The end-tidal CO, and respiratory rate 
were monitored. BP-ICP=CPP. 

Animals C261, C262, C263, C267, C268, and C269 were controls for all 
physiology reports. Two animals were wounded at each energy level of 
0.9 joules, 1.4 joules, and 2.4 joules. 

Analysis of variance was performed using Student Newman-Keuls and 
ANOVA. Results were considered significant at + 0.05. [See table 111.7.1 

Table 111.7: Animals Used in the 
Physiology Experiment All acute animals (pentobarbital) 

Control animals 8 
Deaths 1 ---. -- 
Studv animals 29 
Deaths 6 
Splenectomy 3 

VII. Coagulation Factors These experiments were undertaken to ascertain the effects of brain 
missile wounding on various blood components (platelets) and coagula- 
tion factors. Protocol A was used for all cats with the following 
modifications: 

. No ICP transducer was used. 

. Cats were sacrificed by either fix-perfusion or an overdose of 
pentobarbital. 
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1JpdaWd Information This experiment was not in the scope of the contract, but was an 
attempt to better define the model. Brain injury may cause abnormality 
in the blood-clotting system. Although periodically reported in the liter- 
ature, the principal investigator had not considered this a major clinical 
problem based on his war neurosurgery experience of over 300 cranioto- 
mies. However, at IXJ, some animals were developing blood clots in their 
brains; the researchers wanted to determine clotting times. 

They found evidence of platelet clumping and clotting-factor component 
changes within minutes of wounding. Despite these laboratory changes, 
the animals exhibited no unusual clinical problems, such as excessive 
scalp bleeding or bleeding from the groin incision. [See table 111.8.1 

A paper was prepared on the experiment, but was not accepted by the 
Journal of Neurosurgery. 

Table 111.8: Animals Used in the 
Coagulation Factors Experiment All acute animals (pentobarbital) -.__-.--..-- 

Control animals -_~- 
Deaths 

5 

0 

Study animals _.---__-.--.---- -_ 
Deaths 

8 

0 

VIII. Histology 

Updated Information 

To obtain good histological records of missile-wounded brains, the 
researchers performed experiments which were terminated at time 
points corresponding to the sacrifice times of earlier experiments (i.e., 1 
minute, 5 minutes, 1 hour, etc.). Protocol A was used for all acute cats, 
which were sacrificed by fix-perfusion. Protocol B was used for all 
chronic cats with the following modifications: 

l Steps 2,8, 14, and 15 do not apply. 
. All cats were sacrificed by fix-perfusion after deep anesthetic induction. 

The purpose of this experiment was to look at tissue changes in dead 
brain cells. For an effective use of resources, this experiment relied, in 
part, on animals which were scheduled for but not used in other experi- 
ments. This experiment was performed during 1 year. [See table 111.9.1 

Page 197 GAO/HID-91.30 Army Biomedical Brain-Wound Research 



Appendix lilt 
Rerription of IBU Research Experiments 

Table 111.9: Animals Used in the Histology 
Experiment Pentobarbital 

Acute animals Chronic animals -____ --.--. ~--.---.-~-.- 
Control animals 1 Control animals 0 
Deaths 0- Deaths 0 

Study animals 18 Study animals 6 
Deaths 0 Deaths 1 

IX. Behavior 

[Jpdated Information 

Three groups of cats were used for behavioral assessment. The first two 
groups established and validated behavioral and reflex tests that could 
be used to discriminate injured from noninjured cats. The third group 
represented actual experiments testing injured, non-drug-treated cats 
versus injured, GMl-ganglioside treated cats. Protocol B was used for all 
groups. Groups 1 and 2 included some cats anesthetized with isoflurane. 
Step 2 of Protocol B does not apply to the first two groups. 

The principal investigator did not initially propose chronic studies 
because he is not a pharmacologist. One of the researchers was respon- 
sible for this change in the direction of the chronic studies; however, 
different researchers tested the three groups of animals used in this 
experiment. The researchers found it very difficult to use ordinary ani- 
mals for their behavior studies because they are “fierce” and very diffi- 
cult to handle. A “breeding program” was thus instituted to obtain 
“reasonable” animals, which allows animals that arrive pregnant at EN 
to deliver before being used for experimentation. 

GMl-ganglioside was selected because, at the time, there was evidence it 
was effective for small, selective lesions in rats, and it had been used for 
human fetal transplants of tissue in the brain. 

Under pentobarbital, the animals were sleepy for 1 to 2 days; this per- 
mitted a 3-day window in which to measure the effects of any test drug. 
Researchers searched extensively for short-acting anesthetics so ani- 
mals would wake up immediately after wounding and allow for more 
days to test the drug effects. As a result, different anesthetics were 
used: 13 animals were given isoflurane. [See table III. 10.1 
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Table 111.10: Animals Used in the 
Behavior Experiment 

Pentobarbital 
Control animals __- 
Deaths ~___ 
Study animals ---- 
Deaths _I_- 

Pentobarbital 
Control animals - 
Laths 

Study animals -.~--.---~ 
Deaths 

Pentobarbital 
Control animals 
b%ths 

Study animals 
Deaths 

Group 1 
lsoflurane 

0 Control animals 0 
0 Deaths 0 

3 Study animals 6 --. 
1 Deaths 1 

Group 2 
lsoflurane ____- 

0 Control animals 1 ~-- 
0 Deaths 0 -- 

10 Study animals 6 -.- 
5 Deaths 5 - 

Group 3 

0 
0 - 

27 - 
12 

X. Cerebral Blood Flow 

. All cats were sacrificed by fix-perfusion. 

Updated Information 

Preliminary experiments to determine changes in regional cerebral blood 
flow in missile wounded brains were performed by a neurosurgical resi- 
dent. Protocol A was used with the following modifications: 

Cannulations included one femoral vein, both femoral arteries, and both 
brachial arteries. 
After achieving adequate anesthesia, all cats were paralyzed with gal- 
lamine triethiodide and placed on a respirator. Proper anesthesia and 
paralyzation were maintained. 

This work was performed as part of the second contract. These experi- 
ments were either 2 hours or less (acute) in duration. The first measure- 
ment was taken about 30 minutes before wounding, and the last was 
taken about 90 minutes after wounding. The gallamine dose was 10 to 
15 mg/kg to paralyze the animals; usually, 30 mg of gallamine was 
administered as it was longer-acting and required no supplementation. 
Some animals were ventilated with room air supplemented with 0,. 
ANOVA and Tukey’s statistical programs were used from SASS. [See 
table III. 11.1 
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Table III.1 1: Animals Used in the 
Cerebral Blood Flow Experiment All acute animals (pentobarbital with gallamine) . -_-..-..-.----.- 

Control animals 
Deaths --- 
Study animals 
Deaths 

-- ~.__. 
16 II_-- ____I_ 
3 __- ---..--..- 

29 __- 
1 

_ _ .^ ..-.. .__ ..__. -..__ 

XI. Apnea These experiments were performed to tighten and complete earlier data 
compiled on the apneic response. Protocol A was used on all cats. All 
cats were sacrificed either by fix-perfusion or barbiturate overdose. 

I Jpdatcd Information Initial data on apnea was developed on animals that were used to mea- 
sure electrolytes or those that were wounded but not paralyzed. Addi- 
tional animals were used in order to better define the issue. When an 
injured animal became apneic, the researchers ventilated the animal if it 
did not breathe on its own after about 1 minute. Animals designated as 
apneic resumed breathing on their own within 6 minutes. They were 
designated as dead if they did not begin breathing on their own within 6 
minutes, while life was maintained with respiratory support. This 
experiment was reported in the Journal of Neurosurgery article. [See 
table 111.12.J 

Table 111.12: Animals Used in the Apnea 
Experiment All acute animals (pentobarbital) 

Cdntrol animals 1 

diiths 
-__ 

0 

Stucl~‘&Gimals 
- 

Ii 
Deaths 

.~. --.-_-- ---~- 
2 

--._ .._. - __.. -__ . - ..- _--- 

XII. Plasma 
Catecholamines 

These experiments were performed to determine (1) the time course of 
the sympatho-adrenal response as reflected by plasma levels of the cat- 
echolamines norepinephrine and (2) if the plasma catecholamines 
response followed a similar time course when ICP was increased 
WITHOUT injury. Additional experiments were also performed to deter- 
mine if the angle of the trajectory had any effect on the time course of 
the plasma catecholamine response. Protocol A was followed for all cats. 
Cats were sacrificed by rapid decapitation using a large animal 
decapitator. 
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IJpdatcd Information Plasma catecholamines are an indication of physical or psychological 
stress. When their level is high, it indicates a potent fight or flight 
response. With the breakdown in BBB, these potent factors may enter the 
brain and affect its response. Normally, however, they do not enter the 
brain. Low-energy wounds at 0.9 joules were much less stressful than 
high-energy wounds. Researchers also measured plasma glucose 
(released by epinephrine), which is another stress indicator. 

All of these experiments were acute, lasting only 60 minutes. Plasma 
samples were taken at different intervals out to 60 minutes. 

The researchers inserted a spinal needle into the cisterna magna at the 
base of the skull. The needle was connected to a fluid column of mock 
CSF. Lowering and elevating the mock fluid in the bottle changes the ICP 
in the animal’s head. This was performed over the same time course as 
with the catecholamine animals, for control; that is, to determine 
whether the injury was attributable only to, or mostly to, increased ICP. 
The researchers tried to mimic the rapidity of the elevated ICP resulting 
from the missile wound. They concluded that the injury is distinct from 
increased ICP. [See table 111.13.1 

Table 111.13: Animals Used in the Plasma 
Catecholamines Experlment All acute animals (pentobarbital) .~. __ . ..- __- .____ 

Control animals 0 .~-~--.--__. ___- __.--.- 
Deaths 0 

Study animals 22 
Deaths -.____~ 
Fluid column 

5 _---.---_- _I_-.-. ~___._. .~--.- 
10 

Transverse injury 4 

..- 

XIII. Brain Catecholamines The biogenic amines serotonin, norepinephrine, epinephrine, dopamine 
and their metabolites were measured in 15 different brain areas immedi- 
ately after injury at three different velocity levels to determine if these 
velocity levels affected the biogenic amine levels differently in the brain 
areas selected. Protocol A was used for these experiments. Cats were 
sacrificed by rapid decapitation. 

IJpdated Informat@ This exploratory work was almost complete as of June 1989. If an effect 
was found with a 2.4 joules injury, tests were to have been done at lower 
energies as well. If not, work was to have stopped in this area. Three 
groups were involved: group 1 was control, group 2 was ICP control, and 
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group 3 was animals wounded at ‘2.4 joules. Measurements were taken at 
6 minutes postwounding in order to evaluate the immediate effect on the 
cardiac, respiratory, and hypothalamic areas of the brain. They found 
that the hypothalamic area was immediately effected. [See table III. 14.1 

Table 111.14: Animals Used in the Brain 
Catecholamlnes Experiment All acute animals (pentobarbital) 

Control animals 0 - 
Deaths 0 

Study animal5 27 
Deaths 1 

XIV. Recovery These animals were the first to be allowed to recover from anesthesia 
and were observed for behavioral deficit. M23A subsequently died 
about 2 years later from unrelated causes, while M24 is still housed at 
IN and appears to be quite normal. The protocol used was essentially 
that described in protocol B with the following modifications: 

l Both cats were anesthetized via iv injection, M23A was given Brevital 
and M24 was given pentobarbital. 

. Steps 2,8, 14, and 15 do not apply. 

Updated Information M24 is still at IN; the animal was wounded at 1.4 joules. (See table 
111.15.) 

Table 111.15: Animals Used in the 
Recovery Experiment Anesthesia Animal 

Brevital 1 

Pentobarbital 1 

XV. Glucose 
Catecholamines 

This experiment was an early attempt to collect data on plasma glucose 
and catecholamines. The technique and assay were not worked out until 
later. Protocol A was used with the following exceptions: 

” 

Updated Information 

. Anesthesia was induced with pentobarbital (iv) 
l Cat was given Pavulon and placed on a respirator. 
. Cat was sacrificed by fix-perfusion. 

This experiment was suspended because the laboratory did not have its 
own HPLC. [See table III. 16.1 
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Table 111.16: Animals Used in the Glucose 
Catecholamines Experiment Anesthesia Animal -- .._ ----------__..-_____ .__ ..-~--._--_- . -~...-~ 

Pentobarbital with Pavulon 1 

XVI. Photog This experiment was an attempt to understand inhalant anesthesia, 
which proved to be very tricky in cats. Protocol A was followed with 
these exceptions: 

l Anesthesia was achieved with 3 percent halothane and maintained with 
nitrous oxide and oxygen. 

. Cat was paralyzed with Pavulon and placed on the respirator. 
l Cat was sacrificed by fix-perfusion. [See table III.17.] 

Table 111.17: Animals Used in the Photog 
Experiment Anesthesia Animal 

Halothane and nitrous oxide and Pavulon 1 

XVII. Blood Contamination These experiments were performed to determine to what extent blood 
contamination in brain tissue changes the obtained percent of water and 
electrolyte determinations. Protocol A was used with the following 
exceptions: 

l Pentobarbital was injected (iv). 
l Cat was sacrificed by rapid decapitation. 

IJpdated Information In this experiment the same amount of brain and solvent were dissolved 
with different amounts of blood to evaluate its effects spectrometri- 
tally. Because the data results did not indicate a linear curve, work was 
suspended. [See table X11.18.] 

Table 111.18: Animals Used in the Blood 
Contamination Experiment Anesthesia 

Pentobarbital 

Animals -.--_..- -..- 
2 

------- 

XVIII. Audio-Evoked 
Potentials ” 

These experiments were performed with the aid of Charles I. Berlin, 
Ph.D., of the Kresge Hearing Laboratory. The purpose was to determine 
the effects of brain missile wounding on evoked auditory response. Pro- 
tocol A was essentially followed with these exceptions: 
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. Pentobarbital anesthesia was induced iv. 
l No ICP transducer was used. 
l Cats were sacrificed either by fix-perfusion or barbiturate overdose. 

Updated Information These experiments were conducted to determine the effect of the missile 
on the brainstem. One method of studying this effect is to trace elec- 
tricity through the brainstem by exposing the ear to sound (which is 
then transmitted through the eighth nerve to the cortex) and measure 
the integrity of the pathway. These experiments were also an unsuc- 
cessful attempt to collaborate with other researchers. [See table 111.19.1 

Table 111.19: Animal8 Used in the Audio- 
Evoked Potentials Experiment Anesthesia Animals 

Pentobarbital 3 

XIX. Pulmonary Edema These experiments were performed during a period when the 
researchers were losing many cats to respiratory problems. The main 
goal was to determine whether these cats were developing pulmonary 
edema. Protocol A was used with the following modifications: 

. Pentobarbital was administered iv. 
l No ICP transducer was used. 
l Cats were sacrificed by rapid decapitation. 

Updated Information Many animals were dying of respiratory failure. This experiment was to 
determine if the missile wound was causing pulmonary edema or fluid to 
accumulate in the lung. The wet lung was weighed, dried, and weighed 
again to determine fluid content. This work was continued in groups 8 
and 9 (see pp. 209-210 ). [See table IILBO.] 

Table 111.20: Animals Used in the 
Pulmonary Edema Experiment Anesthesia Animals 

Pentobarbital 4 

XX. TTC-BBB Breakdowns These experiments were performed using a different substance to 
demark areas of BBB breakdown. However, the chemical chosen did not 

v prove to be as reliable as Evan’s Blue Dye.‘Two of these experiments 
were performed using Protocol A and were terminated by fix-perfusion. 
The third was performed using Protocol B with the following 
exceptions: 
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l Steps 2,8, 14, and 15 do not apply. 
. Cat was sacrificed the next day by fix-perfusion after deep anesthesia 

was achieved. 

Updated Information TTC is a chemical used to measure brain metabolism, which can be used 
as an index of brain blood flow. TTC is injected IV; it proved to be diffi- 
cult to control. On the basis of this work, the principal investigator did 
not find ischemia a problem. [See table III.21 .] 

Table 111.21: Animals Used in the TTC - 
BBB Breakdowns Experiment Anesthesia Animals - .._..__.._ -.----_-___--- - 

Pentobarbital 3 

XXI. Circling (Isoflurane) To determine whether the observed circling behavior in wounded cats 
was due to a field cut, two cats were operated on so that the optic cortex 
was oblated. Protocol B was used with the following modifications: 

. Surgery was performed under inhalant anesthesia (isoflurane). 
l Steps 2,8, 14, and 15 do not apply. 
l Several days later, cats were reanesthetized and sacrificed by fix- 

perfusion. 

Updated Information This experiment was to determine if this circling was caused by 
impaired vision, If the animal was wounded, the missile would damage 
the optic cortex or part of the animal’s brain that controls vision. To test 
this hypothesis, the researchers trephined out a small hole in the skull 
and suctioned out a portion of the optic cortex in the animal’s brain. The 
animals were then allowed to recover. The researchers observed that 
these animals did not walk in circles as those animals allowed to survive 
after wounding. (See table 111.22.) 

Table 111.22: Animals Used in the Circling 
Experiment Anesthesia Animals _-__ __-.- -- _____. 

lsoflurane 2 

XXII. Left Ventricular 
Canrlula 0 

These experiments were performed to attempt to perfect a cerebral ven- 
tricular cannula for chronic measurement of ICP and CSF sampling. Pro- 
tocol B was used with the following changes: 

. Steps 2,8, 14, and 15 do not apply. 
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l Cats were later reanesthetized and fix-perfused. 

IJpdated Information The purpose of these experiments was to conduct long-term ICP measure- 
ments and CSF sampling. The researchers planned to use this technique 
on the behavior study animals, which survived 90 days after wounding. 
The researchers found that they could manage this cannula, but decided 
against using it because it traumatized the animals further. [See table 
111.23.] 

Table 111.23: Animals Used in the Left 
Ventricular Cannula Experiment Anesthesia -_--.---.-----~-..-.-- --. ____~ 

Pentobarbital 

Animals 
4 

XXIII. Anesthesia This experiment represented the beginning of a series performed to 
determine the effects of different anesthetic agents on the apneic 
response. Protocol A was used with the following changes: 

. Isoflurane anesthesia was used. 

. Cat was sacrificed by fix-perfusion. [See table 111.24.1 

Table 111.24: Animals Used in the 
Anesthesia Experiment Anesthesia! 

lsoflurane 
- Animals 

1 

XXIV-XXXIII. Study of 
Brain and Organ Blood 
Flow 

These experiments were performed by one researcher using the fol- 
lowing procedures: 

All cats in this project were initially anesthetized with 30-40 mg/kg pen- 
tobarbital IP. Smaller supplemental and maintenance doses of pentobar- 
bital were administered IV during the surgical procedures to achieve a 
stable and relatively deep level of anesthesia for determination of 
regional cerebral blood flow, organ’s blood flow, and other physiological 
parameters. 

The adequacy of anesthesia was first tested by painless mechanical 
stimuli, such as stretching the arms, legs, or pressing against the paws. 
If no reflexes (e.g., limb withdrawal) were noticed, the cat was placed 
supine (on its spine) for femoral venous and arterial cannulation. Addi- 
tionally, small doses of a local anesthetic were injected under the skin a 
few minutes before an incision was made. Immediately after a femoral 
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arterial cannula and venous cannula were inserted, the MABP was contin- 
uously monitored. Adequacy of the anesthesia was then judged by the 
stability of MABP and heart rate. Small doses of pentobarbital were 
administered at appropriate times as listed for individual cats. 

Invasive surgical procedures were started only following a relatively 
deep and stable period of anesthesia. Upon completion of surgery, cats 
were paralyzed by an IV injection of 30-40 mg gallamine, except for 
groups 8 and 9. No anesthetic or paralytic materials were given during a 
100 to 120 minute period of experimentation. At this period however, 
cats had a stable and deep anesthesia as judged by either MABP, heart 
rate, or EEG [electroencephalography] recordings-whichever was 
applicable under the specific experimental conditions. 

After the experimental period which usually lasted 100 minutes and in 
no cases over 120 minutes, cats were euthanized by a lethal dose of pen- 
tobarbital IV. At this final stage, usually 30 to 40 mg of pentobarbital 
produced a sharp fall in MABP followed immediately by a flat EEG (brain 
death), indicating that cats must have been deeply anesthetized during 
the preceding experimentation period. 

Group 1: Controls 
Unwounded (NU) 

Purpose: To study (1) autoregulation and pattern of regional blood flow 
in the brain and (2) redistribution of cardiac output in the heart, kidney, 
spleen, spinal cord, adrenals, and muscle during a loo-minute period of 
experimentations planned for groups 2 and 4. [See table 111.25.1 

Table Ill.25 Animals Used in 
Experimental Group 1 . -..-- I____ 

Control animals 8 
lncomolete 1 

Group 2: Wounded or 
Normotensive (1.4j NI) 

Purpose: To study (1) autoregulation and pattern of regional blood flow 
in the brain and (2) redistribution of cardiac output in the heart, kidney, 
spleen, spinal cord, adrenals, and muscle following brain missile 
wounding. [See table 111.26.] 

Table 111.26: Animals Used in 
Experimental Group 2 Y Studv animals 

-.- 
9 

Incomplete 2 
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Group 3: Unwounded 
Hypotensive (HU) 

Purpose: To study (1) autoregulation and pattern of regional blood flow 
in the brain and (2) redistribution of cardiac output in the heart, kidney, 
spleen, spinal cord, adrenals, and muscle during graded hypotension and 
after blood reinfusion. [See table 111.27.1 

Table 111.27: Animals Used in 
Experimental Group 3 

Control animals 
Incomplete 

11 

4 

Group 4: Wounded 
Hypotensive (1.4j HI) 

Purpose: To study (1) autoregulation and pattern of regional blood flow 
in the brain and (2) redistribution of cardiac output in the heart, kidney, 
spleen, spinal cord, adrenals, and muscle following brain missile 
wounding associated with graded hemorrhagic hypotension and after 
blood reinfusion, [See table 111.28.] 

Table 111.28: Animals Used in 
Experimental Group 4 

Study animals 
Incomplete 

-_ 
14 

4 

Group 5: Hypercapnia 
(HC) 

Purpose: To study the reactivity of regional cerebral blood flow to high 
arterial CO, (hypercapnia) before and after brain missile wounding. [See 
table 111.29.1 

Table 111.29: Animals Used in 
Experimental Group 5 -__I~_~ 

Study animals 
Incomplete 

Partially complete 

8 --___ 
1 ___--- 
2 

Group 6: Hypoxia (ID) Purpose: To study the reactivity of regional cerebral blood flow to low 
arterial 0, (hypoxia) before and after brain missile wounding (10 per- 
cent 0,). [See table 111.30.1 

Table 111.30: Animals Used in 
Experimental Group 6 

” 

Study animals 
Partially complete 

______-- . ___ 
7 ..- ___-- ___--_ 
3 

Page 208 GAO/HRD-91-30 Army Biomedical Brain-Wound Research 



AppendLx III 
Description of LSU Research Experiments 

Group 7: Hyperoxia (HO) Purpose: To study the reactivity of regional cerebral blood flow to high 
arterial 0, (hyperoxia) before and after brain missile wounding (100% 
0,). 

I Jpdated Information The study question was “Is giving additional 0, good or bad?” It is 
thought that giving additional 0, will lower blood flow to the brain. The 
researchers tested the chemical regulation by giving too much 0,. The 
findings were (1) 0, does not affect all areas of the brain the same way 
at the same time in the animal, (2) brain missile wound enhances 
vasoconstriction in the brain, and (3) additional 0, further restricts 
blood flow in some areas of the brain. [See table 111.31.1 

Table 111.31: Animals Used in 
Experimental Group 7 

Study animals IO 
Incomplete 1 

Partiallv comdete 3 

_l__-_l-_- .._.~ 

Group 8: Respiratory 
Unwounded (RU) 

Purpose: To control unwounded cats for cerebral, cardiovascular, and 
respiratory effects of brain missile wounding in spontaneously 
breathing cats. [See table III.32.] 

- 
Table 111.32: Animals Used in 
Experimental Group 8 .__- .--.~---.__ -.--~-..-- 

Control animals 6 

lncomdete 1 

I I - -  . - . -  -.-l_-_---l- 

Group 9: Respiratory 
Injured (RI) 

Purpose: To study brain missile-wounded cats for cerebral, cardiovas- 
cular, and respiratory effects of wounding in spontaneously breathing 
surviving and nonsurviving cats. 

Updated Information RU and RI animals were not ventilated, but were spontaneously 
breathing with no respiratory support. The purpose was to answer the 
question “What are the differences between survivors and non- 
survivors‘?” Blood flow was not interrupted to the brain stem. 

An additional purpose of groups 8 and 9 was to prove that the brain 
loses control of the body’s organs. These organs then function at their 
own rates and can cause a secondary insult to the brain, for example, 
through the heart’s control of blood flow and pressure, the lungs’ con- 
trol of O,, and the kidneys’ control of toxins. The conclusion is that if the 
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.“l”l” _-.-I_- ._._ . ” “. “” --- ̂ ._.._. .-. 
organs are supported and controlled until the brain can heal, the animal 
death rate could be cut substantially. [See table 111.33.1 

Table 111.33: Animals Used in 
Experimental Group 9 ___-- 

Study animals 21 

Incomplete 8 

Group 10: Hypocapnia- 
Hyperventilation (LC) 

Purpose: To study the regional cerebral blood flow responsiveness to 
low blood CO, before and after brain missile wounding. 

11 ‘pdated Information The researchers hypothesized that following brain missile wounding cer- 
ebral vasoconstriction from hypocapnia may further reduce cerebral 
blood flow. An additional decrease in regional cerebral blood flow may 
thus counteract any beneficial effect of hyperventilation in reducing ICP. 

Regional cerebral blood flow was significantly reduced in 7 of 14 brain 
structures before brain missile wounding in 5 animals. [See table 111.34.1 

Table 111.34: Animals Used in 
Experimental Group 10 

Study animals 14 

Incomplete 5 

Partiallv comdete 4 

Group 11: Hyperoxia 
Hypercapnia: CBF 
Reactivity Before and 
After Brain Missile Wound 
U-W 
Table 111.35: Animals Used in 
Experimental Group 11 

Studv animals 
..._~__ 

3 

Incomplete 0 
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Group 12: Survival and 
Neurological Deficiencies 
in Apneic Animals (Apnea) 
_~I-~ 
Table 111.36: Animals Used in 
Experimental Qroup 12 

Study animals 4 -. . . ._-. -. 
Incomplete 1 
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On June 19, 1989, GAO'S medical panel met to discuss aspects of the 
research: goals, methodology, and value; experimental model and animal 
care; anesthetic controls; and investigator qualifications and equipment. 
The discussions in each of these areas focused on both the research as 
proposed and the research as performed. Discussion centered on a series 
of questions we developed before the meeting. At the end of the discus- 
sion on each section, each panelist wrote his or her responses to the 
questions in a workbook. At the end of the meeting, we collected the 
workbooks from each panelist and sent copies to the chairman, Dr. John 
A. Jane, who summarized the responses. (See app. VI.) 

This appendix provides all of the written comments of each panelist, 
which we have edited slightly for correct punctuation, syntax, and 
abbreviation use. The panelists are identified by numbers, 1 through 8, 
that were randomly assigned. The name of the panelist has not been 
associated with his or her comments, but all comments attributed to a 
panelist were made by the same panelist. 

I. Research Goals/ 
Methods and Value 

A. Research as Proposed First Question: Was the proposed research based on hypotheses 
that were medically valid at the time? 

[l] Yes! The hypotheses are broadly stated and do not fall into a tradi- 
tional NIH [National Institutes of Health] format; however, they do 
appear consistent with the state-of-the-art of this particular field! 

[2] Yes. GSW [gunshot wounds] are important for military and civil war- 
fare. A model with a dose-response curve was needed to test hypothesis 
of treatment. The investigators have done well to develop such a 
model-even if it has not been reviewed and published. The use of a cat 
is very well justified by the investigators. The hypotheses proposed in 
the second proposal are appropriate, although they could be better 
stated. 

[3] Yes. Important topic with major limitations in our knowledge. 
Planned to (1) develop model, (2) enhance understanding, (3) modulate 
response. Worthwhile and valid approach. 
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[4]‘This is an interesting proposal dealing with the important area of 
head injury, via missile head wounds. While the hypotheses are broad, 
that is, broadly stated, they are important and clear: to develop a head 
injury model which is systematic and reproducible, in which a variety of 
therapeutic and pharmacologic interventions can be tested. This is of 
importance and the PI [principal investigator] has done this well-i.e., 
his approach is valid. 

[5] In a word, yes. (1) The question of whether different approaches to 
therapy of penetrating head wounds would help recovery of human sub- 
jects was certainly open. (2) A model for testing therapeutic manipula- 
tions was needed. (3) The proposal outlined development of a model to 
test the effect of drugs on survival and morbidity. 

[6] Yes, I feel (although written in a generic blanket way) that the 
hypothesis was both medically valid and important. The PI has devel- 
oped an important animal model for application of missile injury for 
both mD and the civilian community. 

(71 Hypotheses were very broad. They had previously been looked at in a 
primate model (Crockard, et al.). To look at area of missile tract vs. 
brainstem injury is valid. 

[8] [No comment] 

Second Question: Did the proposed research have value considering 
the body of knowledge on the treatment of brain wounds at the 
time? 

[l] Yes! The choice of all therapeutic strategies appears [to be] based on 
contemporary thought. 

[2] Yes. Treatments selected were in line with contemporary thinking on 
mechanisms of damage to the CNS [central nervous system]. 

[3] Yes. Anticipated using most potentially useful drugs. Perhaps barbit- 
urate needs to be added. 

Question outcomes discrete enough to measure some of effects. 
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(41 Yes, without doubt. It was valid when it was first proposed and is so 
now as well. We knew (and know) little concerning the treatment of gun- 
shot wounds, both in military situations and daily life in our cities; this 
study could help in this regard. 

[5] [Respondent referenced his or her previous answer.] In a word, yes. 
(1) The question of whether different approaches to therapy of pene- 
trating head wounds would help recovery of human subjects was cer- 
tainly open. (2) A model for testing therapeutic manipulations was 
needed. (3) The proposal outlined development of a model to test the 
effect of drugs on survival and morbidity. 

(1)-The best or most effective therapy for reducing morbidity and 
mortality after a penetrating head wound was not and still is not estab- 
lished. A model and an approach for evaluation was then and still is 
needed. 

[6] Yes, the PI has developed a working model for which all contempo- 
rary treatment (drug) strategies can be tested. The panel reinforced the 
need for “newer knowledge” about treating fragmented missile injuries. 

[7] Yes, although endpoints are weak. While “drug testing” proposal was 
valid, to date they have not been carried out! 

(81 [No comment] 

Third Question: Did the proposed research attempt to provide infor- 
mation on so many variables that it would be difficult to address 
any one of them thoroughly within proposed time and resources? 

[1] No! The variables are broad-based and may, upon superficial exami- 
nation, appear diffuse. Yet, again, the nature of the questions asked 
mandate such an approach. Importantly, the variables assessed show 
focusing as the application progresses. 

[2] In view of the paucity of information available, it was appropriate to 
look at this large group of variables (CBF [Cerebral Blood Flow], CMROS, 
ICP, etc.). Statistical analysis, however, is not discussed to indicate how 
these variables would be handled. Anything less would probably not 
have been approved for funding. 

[3] It was necessary to collect all data to describe the model. 
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--- 
Physiological and biochemical response to discrete injury problems. 
Staff [went] from physiologic focus to biochemical focus warranted (pro- 
posal 1-2). 

[4] No. In this type of descriptive proposal, variables must be measured. 
He [the PI] has lots of variables, but they are probably all of importance. 
To correlate the physiological, metabolic, pathologic, and neurological 
functional variables is important. If he had not said he would make 
these measurements, we would criticize him for not doing so. I would 
like to have seen precisely how all these correlations would be accom- 
plished. This was somewhat deficient in the proposal. 

[5] The original proposal was exploratory and listed a large number of 
variables to be evaluated. It certainly outlined an optimistic view of 
probable accomplishments. 

[6] As with any good proposal, there are a large number of important 
variables. The PI emphasized the ones he thought were more important 
at the time of the proposal. As the experiment progressed, he gained the 
knowledge of both the experimental data and what new knowledge has 
progressed in the literature (and reemphasized new variables). It would 
have been clearer had the PI provided the statistical relationship 
between these variables. 

It could be helpful to know if the Army viewed this “contract” as a 
deliverable contract or as a “grant” with flexibility. 

[7] Absolutely. Also areas of investigation were entered into that were 
not part of the original design, namely the biochemical measurements. 
These were not part of the first proposal but were investigated during 
the first time period, even though the areas which were to be investi- 
gated, i.e., drug treatment, still have not been looked at! 

[8] [No comment] 

Fourth Question: Was the proposed research taking an overly sim- 
plistic view of a more complex problem? 

[l] The view is “simplistic”; however, when little is known about the 
sequelae of the injury, such a simplified approach is valid. 

[2] Simplified, yes, but not “simplistic.” 
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[3] Reasonable trade-offs were made in quest for a reliable model. 

[4] This issue is a very complex one, which the PI probably understated 
in the proposals. I think he attempted to come up with the simplest 
model possible. 

[5] The original proposal did simplify a problem that is inherently com- 
plex. It proposed a realistic model and a series of approaches. The model 
was more difficult to evolve than anticipated. In this, the original pro- 
posal (1983) did not anticipate all of the difficulties (ballistic device 
problems, restriction on experiments, lesion variables). 

[6] In spite of the many variables (and in hindsight) I feel the PI oversim- 
plified the problem. His approach of going with a sphere rather than a 
multishaped fragment -1 think it was done appropriately. It at least 
offered a model of reproducibility and predictability. 

[7] Yes. 

[8] [No comment] 

Fifth Question (a): Did the proposals clearly and specifically indi- 
cate, for each type of experiment, a methodological design for 
interpreting/analyzing the data? 

[l] This is a weakness in this study. Overall detail is lacking! Problems 
and pitfalls are not addressed, and a precise plan of data analysis is not 
given. 

[2] I feel this is an area of weakness in the proposals. 

[3] No. 

[4] This is one area which was deficient. How the correlational analyses 
were to be done [is] unclear; which statistical analyses are done are not 
clear. Incomplete statistical analysis. 

[5] No. 

[6] No, not clearly and specifically. The PI proposed and executed a 
series of experiments for the proposal. The proposals could have been 
written a little tighter, especially the second proposal. In essence, the 
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proposals were overall research objectives, not specific protocols 
designed to fit in the pieces of the puzzle. 

[7] No. 

[8] [No comment] 

Fifth Question (b): Did the proposals clearly and specifically indi- 
cate, for each type of experiment, a step-by-step description of the 
research methods and procedures to be used? 

[l] Descriptions are rather brief and detract from the proposal. Perhaps 
page limitations contributed to this. 

[2] As well as can be expected in an unknown area. 

[3] No-methods and experiments changed. 

(41 Some of the procedures and methodologies are not well described. His 
techniques are not completely described. Is this because of page 
limitations? 

[ 51 [No comment] 

[6] Not, specifically, although logically I find it acceptable. It would have 
been helpful to have a progress report on the proposals with acquired 
data. An overall research plan with specific supporting protocols would 
have been desirable. 

(71 Yes, but they were not followed in some instances. 

[8] [No comment] 

Fifth Question (c): Did the proposals clearly and specifically indi- 
cate, for each type-of experiment, the number of animals needed to 
achieve statistically significant results? 

[l] I cannot answer this clearly! The plan of statistical analysis is not 
clearly presented. Perhaps, with a high failure rate, more animals may 
be required. 

[2] This issue was not addressed-I cannot determine how the “N” of 
any group was arrived at. 
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[3] No power analyses? Would have contributed. Generally stated that 
numbers are limited based on tight results probably appropriate for pro- 
posal as carried out. 

[4] He states that he will utilize 200 animals/year; i.e., 4/week. This is 
probably not excessive for the many proposals the PI has outlined, and 
considering the fact that three investigators are working on this project. 

[5] Hard to predict in advance. 

[6] No. I was impressed with the low numbers of animals used, however, 
for each study. I question if he used sufficient numbers of animals (n=5) 
to draw conclusions, Without an overall statistical plan, including exper- 
imental failures, it’s tough to speculate. Detailed data analysis planning 
should have been given. 

[7] No! Statistical analysis was not the strong point of this protocol. 

[8] [No comment] 

Sixth Question (a): Was there evidence in the proposals that a thor- 
ough literature search had been conducted for all work (published 
and unpublished) for each type of experiment? 

[I] Not extensive, yet adequate for the application. 

[2] Adequate and appropriate for the purposes of the proposed study. 

[3] No. Generally well covered-some areas better than others, 

[4] The PI, I believe, covered the literature areas related to the proposal. 
He missed a few, but most are not important to the proposal. 

[S] Certainly not, but the question is unreasonable. He covered the avail- 
able literature on head wounds reasonably well, but did not discuss bal- 
listics and missile shape versus tissue injury. 

(61 No, is that possible? I think he did a fairly good job on current pub- 
lished work relating to this effort. 

[7] No. 

[8] [No comment] 
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Sixth Question (b): Was there evidence in the proposals that a thor- 
ough literature search had been conducted for all work in forensics, 
military science, law enforcement, and recreational firearms per- 
taining to the shape, size, weight, and velocity of the missiles and 
characteristics of injuries they cause? 

[I] [Respondent referenced his or her previous answer.] Not extensive, 
yet adequate for the application. 

[2] Not relevant for the proposed work. 

[3] No. Probably less than adequate. Simplified version-model not easy 
to relate to circumstances of injuries in war. 

[4] No, much of this was not covered, but my view is that much of this is 
unnecessary for the proposal. 

[5] [No comment] 

[6] No, but focused on that literature relating to producing a model very 
well. 

(7) No. 

[8] [No comment] 

Seventh Question: Were the proposed treatment drugs likely to pro- 
vide information immediately transferable to humans with pene- 
trating head wounds? 

[l] Yes, the list of drugs is extensive and the endpoints are soft; how- 
ever, given contemporary clinical interest, their choice seems appro- 
priate and transferable to humans! 

[2] Appropriate in light of contemporary knowledge. Results could be 
transferred to clinical trials. It would be wrong to suggest “immediate” 
transfer. This is a fault of the writer of this question, not the 
investigator! 

[3] Information on apnea is transferable. Drug results may or may not be 
[transferable] when available. Important comments from [Panelist #l] 
RE: cat model and apnea. 
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[4] Yes. As far as any drug tested on humans which has been demon- 
strated to be effective on animals. The PI has chosen the appropriate 
drugs which may be effective. From a scientific viewpoint, I would have 
preferred to see a more mechanistic approach with fewer drugs, rather 
than a “shotgun” approach to all drugs. 

(61 If these studies were carried out, they would be valuable additions to 
treatment options for human injuries. This puts the suggested drugs for 
the 1983 proposal and the 1985 [Sentence unfinished]. 

[6] Yes, especially the apnea support in the acute injury. 

[7] Yes. 

[8] [No comment] 

Eighth Question: Is the steel sphere realistic for simulating battle- 
field fragment wounds? Is scaling of the sphere used to inflict the 
injury an issue? Can the scaling problem, if any, be handled in data 
interpretation? If so, how? 

[l] Yes, the sphere is not perfect. It does not faithfully replicate the bat- 
tlefield situation; however, it is the best that can be done to achieve 
experimental rigor. 

[2] Good choice for an experimental model, even though there are many 
differences between a sphere, a bullet, or shrapnel. 

[3] No. Sphere needed for consistent model. [Therefore it is the] best 
choice. Extrapolation an issue. Re fragment wounds. Good model. 

[4] The steel sphere doesn’t realistically simulate every condition, but 
does have some applicability to some bullet wounds here. It’s not com- 
pletely representative, but it’s not a major factor. 

[5] Realistic for battlefield-no. 

Certainly a reasonable approach for development of a model. 

Scaling problem was addressed in proposal but not followed through in 
the analysis presented. 
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(61 Yes. The injury induced by steel spheres is much more uniform than 
that with fragments. It does, however, offer a predictable, measurable 
starting point which could be transferred to comparable modeling. I feel 
scaling of the sphere is important. The scaling problem may be handled 
in data interpretation (e.g., correlating analogous missile injury in 
humans). 

[7] No, it does not. It is an issue, but the panel could not come up with 
any better model. 

[8] [No comment] 

Ninth Question: Does the method of wounding predetermine a part 
of the brain that may be resistant or susceptible to injury? Does the 
trajectory of the missile result in a wound that leaves the animal 
neurologically intact with the likelihood that full neurological 
recovery would result without any treatment? 

[l] The injury does not leave the animal intact and the likelihood of full 
neurological recovery seems remote. 

[2] Animals have neurol[ogical] deficits and are therefore appropriate 
subjects for treatment studies. 

[3] Animal not intact. Wound appropriate for interventions that are con- 
templated-given modifications in measures of neurologic deficit. 

[4] The method of wounding does indeed determine which part of the 
brain is injured. His deficit is scarce enough, however, to be able to suc- 
cessfully test the pharmacologic interventions. 

[5] The wounding procedure certainly would not and did not leave 
models neurologically intact. Therefore, the trajectory of the missile 
chosen was not one that would have left animals intact neurologically if 
they were properly evaluated (as current progress report suggests). 

[6] Yes, especially by varying the missile. This is a difficult energies 
question. Neurologic insult from a missile fragment will induce some 
irreversible changes. Changing the trajectory angle did provide a 
method of inducing injury without jeopardizing the animals’ lives. 

[7] Wounding takes an A-P [anterior-posterior] direction in the cranium 
and therefore goes through both gray and white matter-missing the 
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brainstem. The wound has been “graded” in the sense that different 
energies have been used. 

[8] [No comment] 

Tenth Question: Are the data gained from this research limited 
because the anterior wall of the right frontal sinus is removed prior 
to injury? 

[l] No!! 

[2] No. 

[3] No-well explained. 

(41 It’s certainly a bit [of a] different model, but, I do not believe this 
frontal sinus removal will limit the data gained. 

(51 Not given the underlying purpose-The aim was to produce a repro- 
ducible model, not to replicate all of the [Sentence unfinished]. 

[6] No. Data is influenced, but I feel the PI adequately addressed this 
question by maintaining an intact skull. 

[7] No, 

[8] [No comment] 
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Eleventh Question: If you were assessing the research at the time it 
was proposed, overall, how would you rate its goals, methods, and 
value? 

1. 
2. 

4 3 2 
5 Somewhat Neither low Somewhat 1 

Very high high nor high low Very low -_--.---~__~-~.. -~---- 
X 
X 

3. X 
4. X 
5. X ____-.--.- ---___ ---.--..~- 
6. X 
7. X 
8. X 

[I] [No comment] 

[2] [No comment] 

[3] Goals-high; methods-OK; and value-somewhat high to 
debatable. 

[4] [No comment] 

[5] [No comment] 

[6] [No comment] 

(71 [No comment] 

[S] [No comment] 

-_.-...-. .~.______ 

H. Research as Performed First Question: Is the research completed to date based on the pro- 
posed hypotheses? 

[I] Although many research questions have not been explored, progress 
has been made, and, overall, such progress seems reasonable! 

[2] First proposal- establishing a model has been done. They are behind 
schedule in the drug evaluation studies. The plan, however, is valid. 
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[3] Research follows a systematic plan and valid approach. Research is 
on track. 

[4] The work is still incomplete. I believe they are on track, but much 
more needs to be done. They have developed [a] reliable model, now let’s 
see what they can do with it. 

[5] In part only. 

A model has been developed and reasonably validated. A variety of 
measurements, e.g., blood flow, chemical [Sentence unfinished]. 

[6] No, not as originally proposed. Objectives of protocol were to develop 
model, study physiologic (missile-induced) alterations, and begin drug 
testing. PI has not begun the third area to date. Research completion, 
however, is on an aggressive track. It would be helpful to know if the 
contract was really a “contract” or was treated as a “grant.” 

[7] No, no evaluation of drugs. Given long amount of time that has 
elapsed-human data and especially as pertaining to decoding has come 
to light. They may want to “re-evaluate” which drugs they want to test 
in future-if the project continues. 

[S] [No comment] 

Second Question: Is the research completed to date increasing the 
body of knowledge related to brain wounds and the expectation of 
improving the treatment of brain wounds? If so, how? 

[I] Yes, this research has added to knowledge in the area; however, the 
lack of published data is disquieting. Any comments regarding thera- 
peutic efficacy would be premature! 

[2] Not yet-publications have not been forthcoming. They are ready for 
this, but judgment must be reserved. 

[3] Research is adding to the body of knowledge on brain wounds. Expec- 
tation questioned. Needs peer review of results. 

[4] The work is not completed, but has increased our body of knowledge - 
in the area. Unfortunately there are no publications as yet. Apparently 
these publications are coming, so it makes things somewhat better. 

Page 225 GAO/HRDSlSO Army Biomedical Brain-Wound Research 



Appendix V 
Canments From Individual Members of 
GAO’s Medical Panel 

When these peer-reviewed manuscripts appear, then perhaps their con- 
tributions will be more significant. 

[6) This work has the prospect of adding to knowledge about brain 
wounds. The work has so far only been reported in abstract. 

Expectations for improving treatment of brain wounds are impossible to 
evaluate. 

[6] Yes, I feel it is adding to [the] information base, especially in area of 
missile-induced apnea. Due to lack of publications, it is tough to realize 
expectations. (Perhaps this question could be asked next year.) We were 
informed during discussions that the PI has three publications about to 
be published. Time in the open literature will lend itself to knowing if 
things will be immediately transferred to treatment regimens. 

(71 No published data as yet. Expectations [are] difficult to determine. 

[8] [No comment] 

Third Question: Does the research completed to date attempt to 
provide information on too many variables? 

[I] No!! [Respondent referenced his or her previous answer.] The vari- 
ables are broad based and may, upon superficial examination, appear 
diffuse. Yet, again, the nature of the questions asked mandate such an 
approach. Importantly, the variables assessed show focusing as the 
application progresses. 

[2] [Respondent referenced his or her previous answer.] In view of the 
paucity of information available, it was appropriate to look at this large 
group of variables (CBF [Cerebral Blood Flow], CMROS, ICP, etc.). Statistical 
analysis however, is not discussed to indicate how these variables would 
be handled. Anything less would probably not have been approved for 
funding. 

[3] No. 

[4] [Respondent referenced his or her previous answer.] No. In this type 
of descriptive proposal, variables must be measured. He has lots of vari- 
ables, but they are probably all of importance. To correlate the physio- 
logical, metabolic, pathologic, and neurological functional variables is 
important. If he had not said he would make these measurements, we 
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would criticize him for not doing so. I would like to have seen precisely 
how all these correlations would be accomplished. This was somewhat 
deficient in the proposal. 

[6] [Respondent referenced his or her previous answer.] The original pro- 
posal was exploratory and listed a large number of variables to be eval- 
uated. It certainly outlined an optimistic view of probable 
accomplishments. 

Information has been provided on a number of variables. 

[6] No. Sufficient information has been provided on appropriate 
variables. 

(71 Yes. 

[8] [No comment] 

Fourth Question: Does the research completed to date take an 
overly simplistic view of a more complex problem? 

[ 1) No!! [Respondent referenced his or her previous answer.] The view is 
“simplistic”; however, when little is known about the sequelae of the 
injury, such a simplified approach is valid. 

[2] [Respondent referenced his or her previous answer.] Simplified, yes, 
but not “simplistic.” 

[3] No-[questions] 3 and 4 are valid only because of distinction between 
proposed and performed. 

[4] [Respondent referenced his or her previous answer.] This issue is a 
very complex one, which the PI probably understated in the proposals. I 
think he attempted to come up with the simplest model possible. 

[6] Second proposal (1985) better focused than original. More reasonable 
expectations, 

[6] No. It would be helpful to have an overall view of the research plan 
to support it, however. [Respondent referenced his or her previous 
answer.] In spite of the many variables (and in hindsight), I feel the PI 
oversimplified the problem. His approach of going with a sphere rather 
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than a multishaped fragment-I think it was done appropriately. It at 
least offered a model of reproducibility and predictability. 

[7] [Respondent referenced his or her previous answer to question 3. 
“Does the research to date attempt to provide information on too many 
variables?] Yes. 

[S] [No comment] 

Fifth Qnestion (a): Do the researcher’s reports filed to date clearly 
and specifically indicate, for each type of experiment, the method- 
ology used to interpret/analyze the data? 

[l] The yearly reports report, in exhaustive detail, the methods used and 
the plan of data analysis. 

[2] Adequately outlined in progress report. 

[3] Much better than proposed. 

[4] I still think the data analysis sections, biostatistical analysis, and cor- 
relational analysis leave something to be desired. 

[6] The progress reports are quite detailed and give considerable detail. 

[6] Yes. (If you include recently added information). 

[7] [No comment] 

[8] [No comment] 

Fifth Question (b): Do the researcher’s reports filed to date clearly 
and specifically indicate, for each type of experiment, a step-by 
step description of the research methods/procedures used? 

[I] Again, the yearly reports provide considerable detail on methods and 
procedures. 

[2] Yes. 

[3] Much better than proposed. 
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(41 Yes. I think the PI has provided very detailed progress reports, 
describing what was done. 

[6] [No comment] 

[6] No. The excerpts from notebooks are very good. However, there 
appears to be a lack of specific protocol sequencing and procedures. 

[7] [No comment] 

[8] [No comment] 

Fifth Question (c): Do the researcher’s reports filed to date clearly 
and specifically indicate, for each type of experiment, the number 
of animals used? 

[l] Adequate detail is provided. Moreover, the trend toward a reduction 
in animal numbers is viewed as a positive feature. 

[2] They have scaled down [the number of] original animals required. 
This is appropriate. 

[3) Much better than proposed. Seems to be generally prudent in the use 
of animals based on research findings. 

[4] Yes. He (PI) has listed all the animals utilized. He is modifying the 
animal numbers utilized. 

[6] A reasonable description of successful (data-generating) experiments 
are given in progress reports. A more explicit [thought not completed]. 

[6] Yes, In fact, animal numbers appear to be on the decline. 

[7] [No comment] 

[8] [No comment] 

Sixth Question: Are the treatment drugs the researchers currently 
plan to test likely to provide information immediately transferable 
to humans with penetrating brain wounds? 

[l] Perhaps! If highly successful, they may form the basis of a new 
human clinical trial. 
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[2] Appropriate choice of drugs based on current ideas about head 
injury. Without a study of dose response it is difficult to immediately 
extrapolate the results. 

[3] Low probability of clinically significant finding. 

Opiate antagonist may give results that prompt further studies. 

Low probability of success does not negate the research. 

[4] Yes. I believe whatever information, either positive or negative, 
coming from these data would be immediately transferable to humans. 
The question is whether it is likely that he’ll find something. But all you 
need is one drug that works. 

[6] The value [thought not completed]. 

(61 These are a reasonable group of drugs and include those under cur- 
rent review. Whether or not they would have immediate impact is 
debatable. The potential for immediate transfer to humans is there, 
especially if a drug is proven especially good or bad. 

[7] At least one of the agents is epileptogenic-“likely“ and “immedi- 
ately” -makes this question difficult to answer. 

[S] [No comment] 

Seventh Question: Is it appropriate to test non-FDA-approved treat- 
ment drugs in this research? 

[l] Yes! 

[2] Of course. How else can you get FDA approval for human use? 

[3] Yes. FDA approval can follow. 

[4] Yes. But how silly this question is. One needs to test drugs first on 
animals to obtain FDA approval. If this is an anti-vivisectionist- 
motivated question, then it’s a ridiculous one. I suppose they want these 
drugs tested on people first. 

[5] Certainly-FDA approval of drugs would require evaluation in an 
animal model. 
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Only FDA-approved drugs would eliminate testing of new agents. 

[6] Yes. 

[7] Yes. 

[8] [No comment] 

Eighth Question: Is a valid neurological rating scale being used? 

[l] As originally proposed, the neurological rating scale was totally inad- 
equate. However, as the research has progressed, clear improvement in 
the rating scale has been achieved, This revised scale appears more 
appropriate and may allow for the testing of the chosen therapeutic 
approaches. Caution should be exercised that the use of cannula (arte- 
rial) may complex neurological assessment! \ 

[2] One has been added since the original proposal. 

[3] One used in practice is much improved on [that] proposed. Further 
improvements might improve sensitivity of drug experimental 
evaluations. 

Question confounding factor RE multiple anesthetics. Question effects of 
drugs on observations. 

[4] The original neurological examination was poorly devised. The newer 
proposed beam examination is a much more sensitive test. Animals with 
catheters may show impaired response and the PI should consider vali- 
dating this response. So there are potential problems with this newer 
neurological examination. 

[6] The proposal as originally written did not have an adequate neuro- 
logical evaluation. The latest progress report does give a much more 
sophisticated set of neurological observations for evaluation of injury 
and recovery. 

[6] In the original proposal, perhaps too inadequate and simplistic. Ani- 
mals with multiple catheters in multiple sites may not have the desire 
for movement. The original rating scale was incomplete and, for me, 
tough to interpret data. 
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In the last progress report, a refined, more applicable, rating scale was 
presented. This is a vast improvement. 

[7] Multiple catheters in limbs makes motor skills difficult to evaluate. 
Post-op[erative] pain is going to contribute to the neurological exam. 

[8] [No comment] 

Ninth Question (a): Is there evidence in the reports on the research 
completed to date that the researcher is relating his findings to the 
existing body of knowledge for each type of experiment? 

[ 1) Adequate. 

[ 2) [No comment] 

[3] Generally integrating current methods. 

Question other research that is important to relate to since he is 
exploring new boundaries. 

[4] In the progress report write-ups, he has related his work to the litera- 
ture; however, it is difficult to interpret because he has no publications 
from which we can determine. 

[6] The basic findings on the effects of injury upon physiological and 
biochemical [sentence unfinished]. 

[6] Yes, he is continually updating research effort as new information 
arises, and this is reflected in changing methodologies. 

[7] Yes. 

[S] [No comment] 

Ninth Question (b): Is there evidence in the reports on the research 
completed to date that the researcher is relating his findings to the 
existing body of knowledge for work in forensics, military science, 
law enforcement, and recreational firearms pertaining to the shape, 
size, weight, and velocity of the missile and characteristics of inju- 
ries they cause? 

[ 1) Adequate. 
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[ 21 [No comment] 

[3] Importance outweighed by need to develop consistent model. 

[4] I do not think he has done this very well, particularly for forensics, 
law enforcement, etc., but this is not within the scope of this grant, 

[6] This is not applicable to the aims and purposes of the study. 

[6] No, but adequately covered important data relating to research. 

[7] No. 

[8] [No comment] 

Tenth Question: Overall, how would you rate the goals/methods 
and value of research completed to date? 

2 
5 Somewha41 Neither loi Somewhat 1 

Very high high nor high low Very low -- --..-_ __-.._______--- 
1. X ______- __--.--__ 
2. X -~-___ __-- .-- -..---__---- 
3. X ---- -___- ----_-.--- -.--- ---- 
4. X --.-__________ -.~ 
5. X 

ii 
- -_I__ -.-_--- __- .- 

X -- -.._- ____. ---..- 
7. X ~__- __..-- 
8. X 

[l] [No comment] 

[2] [No comment] 

[3] [No comment] 

[4] Only because he hasn’t published. When the papers appear, I would 
move him to the “somewhat high.” 

[5] The primary fault to date is the [sentence unfinished]. 

[6] [No comment] 
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(71 [No comment] 

[8] [No comment] 

II. Experimental Model 

A. Research as Proposed First Question (a): Has the researcher developed a valid model for 
the investigation of battlefield brain injury in terms of the way the 
iujury is inflicted? 

[l] Given the constraints inherent in modeling this issue and the need to 
produce a reproducible injury amenable to testable therapeutic interven- 
tion, the model seems adequate. 

[2] Adequate for missile injury- “battlefield” issue cannot be addressed 
nor should it. 

[3] Probably best model available for penetrating brain injury. 

[4] This is a valid model of brain (missile) injury which may occur on the 
battlefield. No injury is perfect. This one isn’t either, but I believe it’s 
the best kind-of model to simulate battlefield injury available. 

[Fi] The experiments are designed to make a model. It does replicate one 
kind of injury that may occur on a battlefield. 

[6] Yes, this is an approximation of the type of injury that might occur 
on a battlefield. 

[7] [Respondent referenced his or her previous answer.] There is no good 
“battlefield” injury model, but this is as good an approximation as is 
available. 

[El] [No comment] 

First Question (b): Has the researcher developed a valid model for 
the investigation of battlefield brain injury in terms of planned 
application of the findings? 

[l] The application of the findings appears appropriate. 
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[2] This is the driving force of the study-to develop application of 
treatment. It will depend on the results that have yet to be obtained. 

[3] Depends on results and extrapolation needed. 

[4] [No comment] 

[6] The model proposes to test certain variables. Some are valid consider- 
ations for battlefield therapies. 

[S] Yes, this can be applied to the battlefield scenario. 

[7] [No comment] 

[8] [No comment] 

Second Question: Could the research objectives, if valid, be 
achieved using alternatives to animals? 

[ 1) No. 

[2] No. 

(31 No. In the future, modeling techniques and other data can be used in 
an adjunctive manner. [Refinement, replacement, reduction] 

[4] No! This research can be done only in animals. There are no other 
alternative techniques available which could give the same data. Abso- 
lutely not. 

[5] In no way-there is not sufficient understanding of brain response to 
injury to predict the variables involved. 

There is a lack of controlled data on vasomotor and hormonal responses 
to injury of brain tissue. 

The basis of factors influencing survival of neuronal tissue under com- 
promised conditions are not adequately understood. 

[6] No, [not at this time] (although future studies may lend themselves to 
applying alternative strategies: [such as] reduction, replacement or 
refinement.) 
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(71 Yes, there is a host of human data available-not addressing every 
aspect of the research, but it is an avenue that should be looked at as a 
way to reduce the number of animals used. Computer models are 
becoming more available in missile injuries and should be considered. 

[8] [No comment] 

Third Question: If only an animal model can be used, is the cat the 
most appropriate animal model? 

[l] The model appears appropriate and well-defended and well-justified 
by the applicant. Although the cat does have some limitations in terms 
of neuraxial alignment and its nonpurpose breed nature, no alternative 
animal models could be identified. 

[Z] Well justified on p. 85, volume 1 [of binder reviewed by medical pan- 
elists; see app. II “Rationale for Using Cats,” excerpt from second 
proposal]. 

[3] Cat is supported as good experimental model. Issues: Physiology- 
cerebral blood flow, opiate handling, neurons. 

[4] The cat is an appropriate modelfor this study. There is much work in 
the literature already on cats and in other head injury models, 

[5] Given the various considerations of size, availability, brain configura- 
tion, cost, and background information-the cat is a good compromise. 

[6] The most appropriate model is probably the primate. The PI went 
down the other lower species in a discussion section of an annual report 
and [the] cat is the best, [the] PI argues in final report very adequately. 

It should be noted that, in the original proposal, the PI justified the use 
of cats for the wrong reasons. He should have included the above-men- 
tioned discussion rather than describing cats as having “ample white 
matter, are small, and will not require large and expensive radioisotope 
doses. They’re relatively inexpensive.” 

[7] [Respondent referenced his or her previous answer.] Yes, there is a 
host of human data available-not addressing every aspect of the 
research, but it is an avenue that should be looked at as a way to reduce 
the number of animals used. Computer models are becoming more avail- 
able in missile injuries and should be considered. 
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[8] [No comment] 

Fourth Question: Using the selected model, will the research results 
be transferable to humans? If not, or only partially so, what will be 
their limitations? 

[I] Perhaps. 

[2] Perhaps. This model may suggest appropriate choices for preliminary 
human studies. This question can be answered only after the studies 
have been done. 

[3] Result-dependent. Cannot answer. Model gives insight into planning 
human research. 

[4] Insofar as any model using animals is transferable to humans, so is 
this one. It is difficult to transfer information from animals to humans, 
but this is true of all animal experimentation. 

[5] In part-as in all models, the details will fit certain human circum- 
stances and in others may not. Even human models do not [thought not 
completed]. 

[6] Yes. As to the degree of how much data is transferable [as] is true 
with any model. As the PI has not published on the research, it is 
unclear at this time what will be transferable. 

[7] Transferring animal data into the human situation is always a 
problem. Unfortunately, until it has actually been done, we cannot tell 
whether or not it will work in the “human model” as it has in the animal 
model. 

[8] [No comment] 
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Fifth Question: If you were assessing the research at the time it was 
proposed, overall, how would you rate the suitability of the animal 
model for the proposed research? 

1. 

3 2 
5 Somewha41 Neither low 

Somewl!E 
1 

Very high high nor high Very low 
X 

2. X 
3. X 
4. X 
5. X 
6. X 
7. X 
8. X 

[l] [No comment] 

[ 21 [No comment] 

[3] [No comment] 

[4] [No comment] 

[S] [No comment] 

[S] [No comment] 

[7] [No comment] 

[8] [No comment] 

B. Research as Performed First Question: Is there evidence in the reports on the research com- 
pleted to date that the researcher is relating his findings to the 
existing body of knowledge for the animal model used and for 
animal models used in similar research? 

[I] Yes! 
Y 

[2] Yes. 
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[3] Yes. 

[4] I think the PI has done this well in his literature reviews of the areas 
of the grant. Also, we’ve answered this before. 

[6] The investigator is relating his observations to available information 
in a sound scholarly way. The results have been reported at medical 
meetings and detailed reports are in press. His literature reviews are 
comprehensive. 

[6] Yes. 

[7] Yes. 

[8] [No comment] 

Second Question: When compared to the results of other research 
on this subject, are the reported “new findings,” such as reversible 
apnea, unique to the animal model chosen? 

[ 1) Interesting, but not unique! 

[2] Although other models of GSW have not been used, apnea has been 
long noted in GSW. 

[3] Not unique to species. 

[4] This “apneic” finding is not unique to cats. It occurs in humans and 
has been demonstrated in the past. So the finding of apnea is not unique 
and not new! 

[5] Certainly not. 

Apnea is reported in human beings after head wounds. Question new 
findings but certainly emphasized here. 

[6] Yes (although during the discussions, it was remarked that this may 
be a reemphasis.) 

[7] Not new, not unique to cat. Reported as early as 1894. 

(81 [No comment] 
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Third Question: How would you rate’the overall suitability of the 
experimental model for the research completed to date? 

1. 

4 3 2 
5 Somewhat Neither low Somewhat 1 

Very high high nor high low Very low - 
X 

6. X 
7. X 
6. X 

[l] [No comment] 

[ 21 [No comment] 

[3] [No comment] 

[4] This cat model is a good one! 

[ 51 [No comment] 

[6] PI adequately presents the spectrum of animal models available to 
study (e.g., dogs, primates, cats, and rodents) and cat fits best. 

[7] [No comment] 

[8] [No comment] 
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III. Animal Care 

A. Research as Proposed First Question (a): Did the proposals clearly and specifically indi- 
cate the procedures for operative/postoperative care, with a com- 
plete listing of medications, nutrition, and fluids, where 
appropriate. 

[l] Detail on these issues is quite inadequate. It is obvious that, as the 
investigation proceeds, more attention to detail in this area has devel- 
oped. However, in the present format, it is difficult to determine pre- 
cisely what management strategies will be employed! 

(21 Incomplete description of protocol. 

[3] Poor detail. 

[4] It is unclear about which anesthetic in which dose was used in each 
animal. The present anesthetic protocol with cats (Torbati) pentobar- 
bital appears OK. However, within these protocols, Brevital, pentobar- 
bital, and isoflurane are discussed as being utilized. One area of 
importance is why they use three different anesthetics: pentobarbital, 
Brevital, and isoflurane in all their protocols. Are anesthetics variable‘? 

[5] Listings as given are typical for a proposal, The actual control of 
details of the care should be in the annual use committee of the local 
institution. Records do not allow evaluation for early experiments, Pre- 
sent data for pentobarbital examples appear adequate in terms of anes- 
thesia. No details [are] available on nutrition and fluids postoperatively. 

[6] Records don’t allow for evaluation of early experiments. 

Anesthetic protocols were inconsistent and appear to differ. Post-op 
chronic animal management was questionable due to who monitored and 
when. Are records available? As LSU is an &k&kc-accredited facility, I 
feel confident that the animals were cared for very well. Clarification 
needs to be given about post-op analgesics or justification provided for 
not giving them. 

[7] Deferred to other experts on panel. 

[S] “Complete” not possible. 
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First Question (b): Did the proposals clearly and specifically indi- 
cate the procedures for the euthanasia methods that would be used 
and their compliance with ILAR guidelines? 

[I] [No comment] 

[2] [No comment] 

[3] Unable to judge. 

[4] Question about decapitation of cats. This needs to be clearly and 
soundly justified appropriately. The PI wants to do decapitation pre- 
sumably because of metabolism measurements, but is this appropriate, 
to make metabolic measurements? Heads decapitated and plunged into 
liquid N, [nitrogen] may not be fast enough to obtain and interpret meta- 
bolic data. 

[5] Question decapitation. How were animals pretreated? 

[6] Proposal #l: Year (1) Yes-administering barbiturates then exsan- 
guination Year (3) appears to be yes as cats will be tranquilized (with 
phencyclidine) prior to decapitation. It was unclear how cats were to be 
decapitated and with what instrument. Information not available about 
authorization by ACUC [Animal Care and Use Committee] to decapitate 
cats. Proposal #2: Yes- IV barbiturates and decapitation or IV KCI. 

[7] Deferred to other experts on panel. 

[8] Question guillotine. 

First Question (c): Did the proposals clearly and specifically indi- 
cate the procedures for veterinary support staff and trained ancil- 
lary personnel to provide care for the animals? 

[l] Yes! 

[2] Not evident from protocol, 

[3] Appears adequate. 

[4] I would like to know more about post-op care. Who checks physiolog- 
ical parameters, i.e. heart rate, blood pressure, pupillary vasodilation. 
This is critical for pain in these animals. How is “pain” monitored and 
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whether analgesics are necessary. I’m also concerned about post-op care 
and evaluations-who observes water and food intake, urine and fecal 
output‘? Can animals groom themselves appropriately? Can they exer- 
cise properly? etc. It is important to know who does this and whether 
charts and records are kept on these daily measurements. 

(6] AAALAC-approved. 

(61 Due to fact that ISU is an AAArAc-accredited facility, I assume the LSU 
veterinary support staff are adequately trained to provide care. LSU has 
an Assurance on file with OPRR [Office for the Protection From Research 
Risks] and is both AAALAC-accredited and in good standing. This Assur- 
ance states that the attending veterinarian oversees animal care and 
use. I must, therefore, assume ancillary personnel are adequately 
trained. Otherwise something would have been noted. 

[7] Deferred to other experts on panel. 

[8] [No comment] 

Second Question (a): Were ILAR/AAALAC guidelines for the housing 
of the animals addressed in the proposal, specifically in terms of 
surgical and postoperative care facilities? 

[I] Although AAALAC guidelines have been satisfied, more detail would 
seem desirable. 

[2] Assumed because of AAALAC facility. 

(31 [No comment] 

[ 41 [No comment] 

[ 51 [No comment] 

[fi] Due to the fact that ISU is an AA&&-accredited facility and is in good 
standing with the Office for the Protection From Research Risks of the 
Public Health Service. I must assume all of these (a-d) are in compliance 
with the Guide for the Care and Use of Laboratory Animals. 

[7] Cannot adequately answer these questions with the data given. 

[S] Beyond ILAAR/AAALAC guidelines, no. 
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Second Question (b): Were ILAR/AAALAC guidelines for the housing 
of the animals addressed in the proposal, specifically for separa- 
tion of noncompatible animals? 

[l] [No comment] 

[2] Assumed because of AAALAC facility. 

[3] [No comment] 

[4] [No comment] 

[5] [No comment] 

[6] Due to the fact that LSU is an mmc-accredited facility and is in good 
standing with the Office for the Protection From Research Risks of the 
Public Health Service. I must assume all of these (a-d) are in compliance 
with the Guide for the Care and Use of Laboratory Animals. 

[7] Cannot adequately answer these questions with the data given. 

[8] [No comment] 

Second Question (c): Were ILAR/AAALAC guidelines for the housing of 
the animals addressed in the proposal, specifically for noise 
control? 

[l] [No comment] 

[2] Assumed because of AAALAC facility. 

[3] [No comment] 

[4] [No comment] 

[S] [No comment] 

[6] Due to the fact that LSU is an AAx,Ac-accredited facility and is in good 
standing with the Office for the Protection From Research Risks of the 
Public Health Service. I must assume all of these (a-d) are in compliance 
with the Guide for the Care and Use of Laboratory Animals. 

[7] Cannot adequately answer these questions with the data given. 
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(8) [No comment] 

Second Question (d): Were ILAR/AAALAC guidelines for the housing 
of the animals addressed in the proposal, specifically for exercise 
facilities? 

[1] [No comment] 

[2] Assumed because of AAALAC facility. 

(33 [No comment] 

[4] [No comment] 

[6] [No comment] 

(61 Due to the fact that ISU is an AA&&-accredited facility and is in good 
standing with the Office for the Protection From Research Risks of the 
Public Health Service. I must assume all of these (a-d) are in compliance 
with the Guide for the Care and Use of Laboratory Animals. 

[7] Cannot adequately answer these questions with the data given. 

[8] [No comment] 
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Third Question: If you were assessing the research at the time it 
was proposed, overall, how would you rate the quality of the pro- 
posed care for animals tq be used in the research? 

1. 

3 
5 Sonlewhe4t \ Neither low Sornewha? 1 

Very high high nor high low very low 
X 

2. X 

3. X ~--- 
4, X 

5. X 
6. X ____~ 
7. 

8. X 

[l] [No comment] 

[2] [No comment] 

[3] Generally poorly described proposals. 

[4] I need to have more information. I think it’s OK, but I have questions 
which must be answered. [Respondent referenced his or her previous 
answer.] I would like to know more about post-op care. Who checks 
physiological parameters, i.e. heart rate, blood pressure, pupillary vaso- 
dilation This is critical for pain in these animals. How is “pain” moni- 
tored and whether analgesics are necessary. I’m also concerned about 
post-op care and evaluations-who observes water and food intake, 
urine and fecal output? Can animals groom themselves appropriately? 
Can they exercise properly? etc. It is important to know who does this 
and whether charts and records are kept on these daily measurements. 

[5] [No comment] 

[6] [No comment] 

[7] [Did not check a category and had no comment.] 

[8] [Respondent referenced his or her previous answer.] If in accordance 
with ILAR/AAALAC. 
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B. Research as Performed First Question: In the research completed to date have appropriate 
procedures been used for operative/post operative care, including 
the use of medications, nutrition, and fluids where appropriate? 

[l] Detail is again inadequate. One is not confident of precisely what is 
being done. The experiments performed to date appear to employ appro- 
priate operative and postoperative care; however, more detail is again 
required! 

[ 2) [No comment] 

[3] Poor records. 

[4] [No comment] 

(51 Information is inadequate to judge. 

[6] Anesthesia use was inconsistent as to agents and justification for use 
or nonuse. Post-op care information not complete. 

Although fluid intake was to be monitored and provided for when cats 
did not drink, there was no mention of how to provide for caloric needs. 
As most species exhaust glycogen stores within 24 hours when not 
eating, an animal which did not eat for 2-3 days could very well be 
ketoacidotic. 

Procedures for the management of chronic animals not provided. Ani- 
mals records (what we reviewed from the notebooks) do not reflect post- 
op care. 

[7] Deferred to other experts on panel. 

[8] Pretty good. But the anesthestic should be more clearly defined, 

Second Question: Has the research completed to date adequately 
provided for veterinary support staff and trained ancillary per- 
sonnel to care for the animal used? 

[l] Yes. 

[2] AA&AC facility. 

[3] Appears so. 
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[4) [No comment] 

[5] Given the ILAR and AAALAC approved facility [status of EXJ], one 
presumes so, but a more direct set of data is needed for a sound 
judgement . 

[6] [Respondent referenced his or her previous answer.] Due to the fact 
that LSU is an AA&AC-accredited facility, I assume the LSU support staff 
are adequately trained to provide care. LSU has an Assurance on file 
with OPRR and is both Mmc-accredited and in good standing. This 
Assurance states that the attending veterinarian oversees animal care 
and use. I must, therefore, assume personnel are adequately trained. 
Otherwise something would have been noted. 

[7] Deferred to other experts on panel. 

[8] [Respondent referenced his or her previous answer.] Pretty good. But 
the anesthetic should be more clearly defined. 

Third Question (a): Has the research completed to date adequately 
provided for the housing of the animals used, specifically in terms 
of surgical and postoperative care facilities? 

[l] [No comment] 

[2) [No comment] 

[3] [No comment] 

[4) [No comment] 

[S] Not documented, but approved facility and procedures suggest that 
they may have been. 

(61 Anesthesia variability may interfere with the data. [Respondent ref- 
erenced his or her previous answer.] Due to fact that LSU is an AAALAC- 
accredited facility, and in good status with the Office for the Protection 
From Research Risks of the Public Health Service. I must assume all of 
these (a-d) are in compliance with the Guide for the Care and Use of 
Laboratory Animals. 

[7] Deferred to other experts on panel, 
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[8] [No comment] 

Third Question (II): Has the research completed to date adequately 
provided for the housing of the animals used, specifically in terms 
of separation of noncompatible animals? 

[I] [No comment] 

[ 21 [No comment] 

[3] [No comment] 

[4] [No comment] 

[5] Not documented, but approved facility and procedures suggest that 
they may have been. 

[6] [Respondent referenced his or her previous answer.] Due to fact that 
ISIJ is an mmc-accredited facility and in good status with the Office 
for the Protection From Research Risks of the Public Health Service. I 
must assume all of these (a-d) are in compliance with the Guide for the 
Care and Use of Laboratory Animals. 

[7] Deferred to other experts on panel. 

[S] [No comment] 

Third Question (c): Has the research completed to date adequately 
provided for the housing of the animals used, specifically in terms 
of noise control? 

[l] [No comment] 

[ 21 [No comment] 

[3] [No comment] 

[4) [No comment] 

[S] Not documented, but approved facility and procedures suggest that 
they may have been. 

[S] [No comment] . 
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[7] Deferred to other experts on panel. 

[8] [No comment] 

Third Question (d): Has the research completed to date adequately 
provided for the housing of the animals used, specifically in terms 
of exercise facilities? 

[l] [No comment] 

[2] [No comment] 

[3] [No comment] 

[4] [No comment] 

[5] Not documented, but approved facility and procedures suggest that 
they may have been. 

[6] [No comment] 

[7] Deferred to other experts on panel 

[8] [No comment] 

Fourth Question: Have the euthanasia methods used in research 
completed to date conformed to ILAR guidelines? 

[I] Yes. 

[2] [No comment] 

[3] Unable to tell. 

[4] [No comment] 

[5] As per information provided-yes, but details were skimpy. 

[6] [Respondent referenced his or her previous answer.] Proposal #l: 
Year (1) Yes-administering barbiturates then exsanguination. Year (3) 
appears to be yes as cats will be tranquilized (with phencyclidine) prior 
to decapitation. It was unclear how cats were to be decapitated and with 
what instrument. Information not available about authorization by ACUC 
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[Animal Care and Use Committee] to decapitate cats. Proposal #2: Yes- 
IV barbiturates and decapitation or IV KCI. 

[7] I am concerned about the decapitation model. 

[8] [No comment] 
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Fifth Question: Overall, how would you rate the quality of care 
given to the animals used in the research completed to date? 

-_-- 

3 

Very big: 
Sonlewha4t Neither low 1 

high nor hlgh very low 
1. X 

2. X -- 
3. X --..- 
4. X 

6. X 

7. 

8. X 

[l] [No comment] 

[Z] As can be determined from material submitted. 

[3] Poor post-op records. 

[4] But I would like to see more data. I need more information about how 
this care is given. 

[5] Probably, but more details needed-investigator seemed sensitive to 
animal care issues. 

[6] [No comment] 

[7] [Did not check a category and had no comment] 

[8] If in conformance [with AAALAC]. 

Y 
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IV. Anesthetic 
Controls 

A. Research as Proposed First Question: Were the proposed anesthetic controls adequate to 
protect the animals from pain during the experimental procedures? 

[l] As proposed, detail is limited. In general, the controls seem adequate. 

[ 21 [No comment] 

[3] Poor proposals. Not explicit. 

[4] The anesthetics utilized are OK. But the use of several anesthetics 
here is confusing. Why use Brevital, pentobarbital, and isoflurane? How 
will these anesthetics and/or the combinations of anesthetics affect data 
interpretation? This point is unclear and should be addressed by the PI. 

[5] Questioned [the use of] nitrous oxide [as an anesthetic]. In general, 
procedures actually used were reasonable, but details to make a sound 
judgment were not provided for some experiments, 

[6] Generally, yes. There was a problem in drawing analogies from 
humans to cats. Nitrous oxide used alone does not provide adequate 
analgesia in cats, whereas the human dental experience with the drug 
seems desirable. 

Proposal does not describe those animals which will be chronically 
maintained. Post-op analgesia was not specified. 

Initially, the PI proposed to use phencyclidine to “tranquilize” the 
animal. This dissociative anesthetic was a poor choice, as it causes 
hypertension, hypotension, bradycardia, decreased control venous pres- 
sure, etc. I was delighted to see he didn’t use it. 

[7] [No comment] 

[8] Real issue as to the variety of anesthetics used. 
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Second Question: Were the proposed medications adequate ta pro- 
tect the animal6 from pain during the postoperati’cie recovery 
period? 

[l] [No comment] 

[ 21 [No comment] 

[3] Not very powerful. No drugs given. 

[4] There is an important general question here of overall post-op care of 
animals. One really requires an ICU to care for these animals. Precisely 
how this will be done is unclear. Who cares for these animals. [Respon- 
dent referenced his or her previous answer.] I would like to know more 
about post-op care. Who checks physiological parameters, i.e. heart rate, 
blood pressure, pupillary vasodilation This is critical for pain in these 
animals. How is “pain” monitored and whether analgesics are neces- 
sary. I’m also concerned about post-op care and evaluations-who 
observes water and food intake, urine and fecal output? Can animals 
groom themselves appropriately? Can they exercise properly? etc. It is 
important to know who does this and whether charts and records are 
kept on these daily measurements. 

[S] Based upon human experiences, postoperative pain should be min- 
imal in the protocol used. 

[6] The postoperative management of chronic animals was unclear with 
respect to provision for animals’ pain postoperatively. If analgesic 
would interfere with science and could not be provided, a justification to 
that effect would have been helpful. Furthermore, some endpoint should 
have been provided so as not to withhold analgesics indefinitely if they 
were indicated. 

[7] [No comment] 

[8] [No comment] 

Third Question: Would the proposed anesthetic controls and other 
medications have affected the research results? 

[l] [No comment] 
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[I] [No comment] 

[ 21 [No comment] 

(3) Vague. 

[4] [No comment] 

[5] [Did not check a category and had no comment] 

[6] [No comment] 

[7] [Did not check a category and had no comment] 

[8] [No comment] 

13. Research as Performed First Question: In the research completed to date, have adequate 
anesthetic controls been used to protect the animals from pain 
during the experimental procedures? 

[ 11 [No Comment] 

[ 21 [No comment] 

[3] Apparently so. 

~[4] [Respondent referenced his or her next answer.] All anesthetics may 
affect outcome from neural injury. Pentobarbital has been shown to be 
effective in head injury and in ischemia. Its effectiveness in ischemia, 
however, has come under question. Other anesthetics, like isoflurane or 
halothane, have also been implicated in altering neural outcome from 
injury. This is a difficult question to address and unless specific outcome 
studies are performed to determine the effects of anesthetics, I believe 
this question will go unanswered. The PI, however, should have dealt 
with this potential problem in the text of the proposal. 

[5] From the protocols provided, adequate anesthesia appears to have 
been used. 

[6] Pre-op and intra-op: Yes (in spite of anesthetic irregularities). Post-op 
information not available. 
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(71 [Respondent referenced his or her previous answer,] While I defer to 
Panelist # 6, because of his expertise in animal medicine, I have grave 
concerns as to whether or not the animals, especially in the post-op 
period, experienced pain to their head wounds, raised ICP (which does 
cause headache-ask anyone with psuedotumor cerebri), and their 
wound sites for catheter placement. 

[8] [No comment] 

Third Question: Did the type of anesthesia and other medication 
used affect the results of the research completed to date? 

[l] The variety of anesthetics and their possible interaction does raise 
several problems. Specifically, the use of multiple agents could compli- 
cate data analysis. This situation should require more consideration for 
more consistent forms of anesthetic use. 

[2] Because of the variation in anesthetics used, some questions must be 
raised as to how this affects results. 

[3] Variability [is] a problem. Barbiturates could confound [the research 
result]. 

[4] All anesthetics may affect outcome from neural injury. Pentobarbital 
has been shown to be effective in head injury and in ischemia. Its effec- 
tiveness in ischemia however has come under question. Other anes- 
thetics, like isoflurane or halothane, have also been implicated in 
altering neural outcome from injury. This is a difficult question to 
address and unless specific outcome studies are performed to determine 
the effects of anesthetics, I believe this question will go unanswered. 
The PI however should have dealt with this potential problem in the 
text of the proposal. 

[5] Probably-unavoidable. 

(61 The variety of anesthesia (barbiturates versus inhalation) may have 
influenced acquired data. 

(7) [Respondent referenced his or her previous answer.] Yes, barbiturates 
have a “protective” effect on the brain and in some institutions and in 
the clinical setting are used as treatment for head injury (in the control 
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Fourth Question: Overall, how would you rate the anesthetic con- 
trols used in the research completed to date for their capability to 
protect the animals from pain? 

1. 

3 
5 Sornewha41 Neither low Somewha: 1 

Very high high nor high low Very low 
X 

2. X 
3. X 
4. X .-_-__I- -..- __-- 
5. X 
6. X 
i. 

~- 

8. X 

[I] [No comment] 

[2] [No comment] 

[3] Recent records better than early. [Question] Adequate post-op care? 
No records. 

[4] I believe the anesthetic regimen(s) is unclear, as is the post-op anal- 
gesia and post-op care aspects of this proposal. Why use three different 
anesthetics? How will these alter data interpretation? How can one 
study using one anesthetic be compared to another using a different 
anesthetic? Even though this is probably not a painful procedure, it is 
important for the PI to indicate how he will monitor for pain, and what 
will he do if pain is apparent. Which analgesia will be utilized? When, 
and under which conditions, will the animals be euthanized because of 
pain? These questions need to be dealt with in the body of the text. 

[6] [No comment] 

[6] Based on the human experience from other panel [members], it 
appears that animals should not experience pain. [Whether] postopera- 
tive analgesics to be provided or not provided was not adequately 
addressed. 

(71 [Did not check a category and had no comment] 
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[8] [No comment] 

Second Question: Based on the equipment listings and information 
contained in the proposals, did the research team have the facilities 
and equipment needed to do the research as proposed? 

[l] Adequate. 

[2] From limited impression gained from meeting here-photographs- 
facilities seem adequate. 

[3] Yes. 

[4] Yes. Very impressive facilities. He can do the experiments as out- 
lined. I have visited the laboratories, and I must say that space and 
equipment resources are adequate to perform these studies. Essentially 
all the equipment necessary to complete these studies is available on 
site. 

[5] Yes. 

(61 Based on pictures and testimony of one of panel members, it appears 
the research team had all they needed to do the research effectively. 

[7] From the pictures and lists available, it appears that the facilities and 
equipment are adequate. 

[8] [No comment] 
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Fourth Question: If you were assessing the research at the time it 
was proposed, overall how would you rate the adequacy of the 
research team’s facilities and equipment to do the propo,sed 
research? 

5 Sonlewha4 Neither loi 1 
Very high high nor high Very low 

1. X 

2. X 

3. ___ X 
4. X 

5. X ._- ..-.... -.- 
6. X 
7. X 

8. X 

[I] [No comment] 

[ 21 [No comment] 

[3] [No comment] 

[ 41 [No comment] 

[5] [No comment] 

[6] [No comment] 

[7] [No comment] 

[8] [No comment] 

13. Research as Performed First Question: Based on the curricula vitae provided, does the 
research team have the qualifications needed to do the research 
completed to date? 

Y 

(11 [Respondent referenced his or her previous answer.] Although the 
qualifications of all involved appear adequate to conduct the proposed 
research, there is one concern regarding the overall low productivity of 
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[8] [No comment] 

Third Question: Based on information provided (Le., the 
researcher’s diagram of the project as currently planned), does the 
research team have the qualifications needed to do all of the 
research planned and add to the current body of knowledge in these 
areas? 

[l] Yes. 

[2] [No comment] 

[3] [No comment] 

[4] I have visited Dr. Carey’s laboratory about 4-5 years ago. His facili- 
ties are excellent. He has all the equipment required to perform the pro- 
posed experiments. 

[5] Reasonable competence in most areas. 

[6] Yes. 

[7] [Respondent referenced his or her previous answer.] From the pic- 
tures and lists available, it appears that the facilities and equipment are 
adequate. 

[8] [No comment] 

Fourth Question: Based on information provided and the facilities 
and equipment display boards, does the research team have the 
facilities and equipment needed to do all of the research planned 
and to add to the current body of knowledge in these areas? 

[l] Yes. 

[23 [No comment] 

[3 ] [No comment] 

[4] [Respondent referenced his or her previous answer.] I have visited Dr. 
Carey’s laboratory about 4-6 years ago. His facilities are excellent. He 
has all the equipment required to perform the proposed experiments. 
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[8] [No comment] 

Sixth Question: Overall, how would you rate the research team’s 
qualifications to do all of the research currently planned? 

1. 

Somewhi 
3 

Very high 
Neither low 1 

high nor high Very low 
X 

5. 
6. X 
7. X 
8. X 

[l] [No comment] 

(21 [No comment] 

[3] [No comment] 

[4] [Respondent referenced his or her previous answer.] Here, I am con- 
cerned with the lack of productivity of these investigators. However, my 
fears are somewhat alleviated by the fact that there are several, (3) 
manuscripts in press in Journal of Neurosurgery. 

(51 [No comment] 

[6] [No comment] 

[7] [No comment] 

[8] [No comment] 
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Eighth Question: Overall, how would you rate the adequacy of the 
research team’s facilities and equipment to do all of the research 
currently planned? 

1. 

2. 

5 Somewha: 
3 

Neither low gotnewha: 1 
Very high hlgh nor high low Very low 

X 

X 

3. X 

4. X -__-. 
5. X --___ 
6. X 
7. X 
8. X 

[l] [No comment] 

[2] [No comment] 

[3 ] [No comment] 

[4] [No comment] 

[Ei] [No comment] 

[6] [No comment] 

[7] [No comment] 

[8] [No comment] 

VI. Comments on [ 11 In general, the detail provided in the research section of this applica- 

Other Aspects of the 
tion is rather limited! This is particularly so in regards to animal man- 
agement and anesthetic. Clearly written and developed research plans, 

Research complemented by considerations of any pitfalls as well as a clear plan of 
data analysis, would have been helpful. Similarly, details on the precise 
fashion of anesthesia and management in each experimental paradigm 

Y would have helped place the application in a more scientifically rigorous 
framework. 
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- 
abstracts of such presentations. Until full review by the scientific/med- 
ical community can be made from published material, the results will be 
of no value and the validity in question. 

[6] Productivity: It appears that the PI was a bit overzealous in antici- 
pated accomplishments initially. It does appear that the investigator did 
a lot of important ;MYork. It’s unfortunate that publications during this 
period were not produced. From information available clarification 
should be given about whether “contracts” are “contracts” or “grants.” 

As a result of this review panel’s efforts, I conclude that the require- 
ments for accountability and methodologies in biochemical research 
have changed (in just the past 5 years)-per telephone conversation 
with the mu chairman of the ACUC (with permission from panel’s chair) 
I was assured that Dr. Carey made every attempt to do what’s right. 
Even before submitting his proposal to the Animal Care Committee, he 
invited all committee members to review the entire project. The ACUC 
was comfortable with what is going on and, through their Assurance to 
NIH, OPIW guarantees to oversee this and all other research efforts at 
their institutions. 

[7] It should be kept in mind that this is a contract and not a grant. The 
time table set forth in the original proposal was not kept and, appar- 
ently, no communication or clarification was offered to the Army in this 
regard. The protocol itself was changed frequently, again with no 
apparent justification to the Department of Defense. 

Drug testing, while discussed in both protocols, to date (as seen in the 
information available for review) has not been done. 

No publication of the results in a peer-reviewed journal has occurred to 
date, although we are told some data is soon to be published. It should 
be kept in mind that the project has been ongoing for 6 years, and one 
would think that some work would have already been published. 

[El] [No comment] 
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The research is directed at a very important topic that is not being 
researched elsewhere. It has obvious major importance regarding devel- 
oping both research questions and testing interventions for use in 
combat casualty care and for civilian GSW injuries. The relationship 
between the model and these types of injuries needs to be defined. The 
availability of a testing model may be very important for testing future 
therapies. Currently, this is not possible since we cannot describe, let 
alone control for, case-mix difference (severity) in clinical GSW 
responses. We await the results of the drug therapies tests. 

[4] Yes. I believe this proposal does provide new and important informa- 
tion about the treatment of penetrating brain wounds. First, it has pro- 
vided a model for future use that is a consistent, graded model of missile 
injury. The earlier work done in this protocol does add to the body of 
literature in this area; i.e., edema is not an early problem, lack of 
autoregulatory CO, [carbon dioxide] and 0, [oxygen] responses of the 
cerebral circulation. The protocol still represents a promissory note-type 
study since much (all) of the work regarding use of pharmacological 
agents remains still to be done. It is likely that new information, positive 
and/or negative, regarding these agents’ usefulness will come from these 
experiments. I suppose that the major accomplishment to date is that 
the PI has developed a model of missile injury and now is ready to use 
this model for a variety of treatment modalities. 

[5] The essential point is that this research has developed a model for 
penetrating missile wounds of the brain. The model has been used to 
examine the influence of a certain kind of wound upon hemodynamic, 
hydrostatic, and biochemical changes and to relate these to morbidity 
and mortality. Some of the observations on the model have provided 
new emphasis upon the importance of changes previously noted 
(apnea), while others have shown that other alterations hypothesized to 
be important appear to be of minor significance (edema). In the sense 
the work has led to better understanding of the dynamics of a pene- 
trating brain wound and possible ways to enhance therapy, its greatest 
potential for treatment improvement is the means it gives for systemati- 
cally evaluating any existing or proposed therapeutic action or agent. 

[6] I feel that based on the data presented, I have a better appreciation 
for the complexity of fragment injury and how it can be distinguished 
from blunt trauma. The researcher now has a working model ready for 
drug testing. This panel has found fault with various areas, including 
lack of statistical plan and anesthetic changes, Overall, however, I feel it 
was a very worthwhile research effort. 
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[Z] The work is not repetitive. This model has not been used before and 
treatment paradigms are original with regard to GSWs. The model has 
established a dose response, i.e., LD,, of 1.35 joules, which should prove 
useful in evaluating treatment. 

Since this is the only lab in the country studying GSW (missile injury), it 
is not duplicative and is an important approach to the problem. 

[3] The project does not duplicate existing research. Many of the conclu- 
sions to date support or provide experimental detail to improve the 
understanding of commonly held doctrine and clinical opinion. The 
research complements previous findings and makes a significant specific 
contribution in providing a model that others can also use. Future 
testing of drugs on a standard model could be a significant contribution, 
even if limited applicability or effect is found. 

[4] No. This is essentially the only laboratory in the world working in 
thi.&%rea. While there has been some previous work in this area over the 
years, no other laboratory is active at this time. Thus, the work does not 
represent duplication of previous work in the area and basically there is 
no competition with other laboratories at this time. 

[5] Some of the research proposed and completed does confirm conclu- 
sions reached in uncontrolled, anecdotal reports and in studies on a lim- 
ited number of observations on monkeys. In part, these represent 
essential confirmation. Other observations on the model are novel and 
provide new insights. Most importantly, a number of quantitative mea- 
sures have given a foundation for evaluating the influence of thera- 
peutic manipulations. 

[6] It appears that Dr. Carey has not duplicated existing research. He did 
validate previous work by Crockard and others en route to his com- 
pleted research. The panel was provided information as to three publica- 
tions currently scheduled for near-term release on this research. The 
published arena will render final decisions about originality. 

[7] [Respondent referenced his or her previous answer.] I do not feel that 
new information has come to light to date. The Crockard data has 
addressed many of these issues. Clinical papers by Becker, et al. have 
addressed other of the issues. 

The bottom line is, after reading the results of the experiments, has it 
changed my practice of neurosurgery in the case of gunshot wounds to 
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proposal. Changes with regard to methods, techniques, and ideas are 
always changing and are based in large part on previous findings. This 
research still represents useful, important information. 

[6] In part, the research does reflect the research proposal-specifically, 
the development of a model system and some sets of measurements on 
the model. Many of the experiments proposed, even in the 1983 applica- 
tion, have not yet been reported, e.g., studies using drugs. The projects 
took new directions in the 1985 application, emphasizing biochemical 
measures and a new list of therapeutic agents to be tested. Some of the 
change in direction follow evolution of ideas and approaches in 
neurosurgical thinking about the possible biochemical bases of brain 
injury and neuronal death. 

The approach to neurological evaluation of the animals has dramatically 
altered during the second project. This move to a more sophisticated 
neurological evaluation certainly enhances the value of observation on 
the effects of agents and pervasive manipulative procedures. 

In general, the changes in approach have had salutary effects on the 
value of the work. They seem to have followed identification of 
problems or limitations in original approaches. 

[6] The research completed to date is somewhat delayed as to what was 
proposed. In year 3 of the original proposal, the PI was anticipating pro- 
gressing to drug testing. To date, this has not occurred (to my 
knowledge). 

As the data began to accumulate, the complexity of the problem became 
more evident. I feel the changes made were acceptable. 

The significant changes appear to help establish more information about 
the model’s usefulness prior to drug usage. 

[7] Not entirely. Again, this is a contract and not a grant. I personally 
think that the changes toward a more biochemical approach are more 
meaningful. [Respondent referenced his or her previous answer.] It 
should be kept in mind that this is a contract and not a grant. The time 
table set forth in the original proposal was not kept, and apparently no 
communication or clarification was offered to the Army in this regard. 
The protocol itself was changed frequently, again with no apparent jus- 
tification to the Department of Defense. 
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not a new finding, reaffirms the idea of airway support immediately fol- 
lowing the injury. 

(61 The confirmation of a limited role for brain edema and ischemia on 
mortality from penetrating wounds certainly is useful evidence for 
treatment. Emphasis on the importance of early apnea as a possible 
cause of death, prior to triage, is important for emergency care at time 
of injury, particularly in battlefield conditions. Possible harmful effects 
of 0, therapy at time of brain injury is of potential value. 

[6] It appears the results based on apnea and support for that may have 
a renewed emphasis. They may have a direct applicability to humans 
with penetrating brain wounds. 

With respect to changes in therapy regimens for fragment wounds to 
head, time in the literature (when publications are realized) will tell. It 
would be useful to verify the apnea occurrence in a higher species (e.g., 
primates). 

[7] No. 

[8] The apnea response may well have clinical applicability. 

Fifth Question: Which, if any, of the results reported to date are 
new findings? 

[l] Perhaps the most unique and technically new findings center on the 
course of ICP, CBF [cerebral blood flow], and vaso-reactivity change sub- 
sequent to brain wounding. The fact that elevated ICP correlates with 
intraparenchymal hemorrhage is interesting. Similarly, the fact that 
these injuries do not result in CBF reductions reaching ischemic levels is 
of import. Lastly, the fact that the injured brain does not autoregulate 
or respond to physiological challenge in a normal fashion does provide 
some useful information which explains the injured brain’s increased 
risk to secondary insult. 

[2] Observations on apnea and ICP are not “new,” but certainly deserved 
re-emphasis since they are not widely appreciated. 

[3] The “new” findings are more in the level of detail than in a single 
major revealing finding. To expect the latter would not be reasonable. 
The data seem to refocus immediate care on airway management of even 
seemingly lethal head injury. The data provide valuable new detail in 
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[8] (1) Apnea responses (in spite of Horsley’s description), (2) no edema 
lag response, and (3) no increase in ICP unless hemorrhaging. 

Sixth Question (a): At the time the research was initially proposed, 
if you were on a peer review panel considering whether to fund the 
research, considering only the information in the researcher’s first 
proposal, how likely would you have been to recommend that the 
first research proposal be funded? 

1 
5 Sonlewhe~ 3 Solnewha: 

Verv likelv unlikelv 
Highly 

likelv Undecided unlikelv 
1. X 
2. X 

3. X ..-.---___ - 
4. X 

5. X 

6. X 

7. X 

8. X 

[l] [No comment] 

[ 21 [No comment] 

(31 [No comment] 

[ 41 [No comment] 

[5] [No comment] 

[6] [No comment] 

(71 [No comment] 

[8] [No comment] 
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~-------- 
This appendix contains the report of GAO’S medical panel that met on 
June 19,1989. A copy of the panel’s report, as it was faxed to GAO by 
Dr. John A. Jane on October 23,1989, is provided below, 

GAO’s Medical Review Panel 

In order to dew the sohnti5c v8luo of the Army contraote, and to 

dotedno if other research of thir nature bar been done, a medical review panel 

was convened td review the 5rst and second contracts with Louisiana Stata 

University, the quarterly, annual, and 5nal reports to date for each contract, and 

information on the facilitier and equipment used dukg the meearch. See appendix 

for a dirousdon on how the panel war relected and the individual panel membera). 

Introducdon 

Dr. John A. Jane was contacted by Dr. Yurray Grant, the Chief Medical 

Advbor of the General Accounting Office, to par&pate as Chkmaa of the expert 

panel reviewiag a Department of Army naearch projeot on penetrating head 

wounds. 

The panel coruirted of the following members: 

John A Jme. MD. PhD Edward R Perl, MD 
Rofeuor and Chairman Profouor l d CbA 
Dapuunrnt of Nuuom~ery De-went of Phyriologr 
University of Virginia Univwei~ efNorth Cueline 

Howard R Champion. MD 
Chief, Traum8 Seavices 
Director, Suqiul Intanrive Care 
Wuhinsron Horp~tal Center 

Eupne 8. Fhnm. MD 
Professor and Chairman 
Division of Neurorurpry 
University of Pennsylvania 

Roben F. Hoyt, DVM. MS 
Clhf. Iabontery Animal M*dieine 
md Surgery Section 
Nationai Hem.. Lung. and Blood Inrtitute 
Netionai Ioatitutar of Health 

Joha T. Povliahock, PhD 
Pmfewor ofbutmy 
Yodical CollrF of Virginia 

Richsrd R l\rivrrmm, FhD 
Dimros, Anertheriololy nnd 
Critical Cnrr Medicine 
Johnr Hopkins School ofM.dicim 

Carrie L Waltem MD 
Neuromugeon 
Pboeni8. A2 

In early June, the Chairman and the member6 of the panel received the 

research proposals for a contract that ran from 1983 to 1935, BI well ae a proporpl 
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3 

The panel members thought that the review process was unusual, but valid. 

Most of the members on the panel were quite familiar with the dirtindio~ between 

grants and contracts, but were more accustomed to either the Study Section-type 

review of mts where, for example, over a three day period, over 100 grants M 

reviewed; or, on the other hand, a more traditional site visit in which the site 

visitors discuss the project with the Principal Investigator. In general, the panel 

felt that the method used was a valid technique for the review. 

Each of the questions included in the booklet entitled “Expert Medical Panel 

on Brain Injury Research Project” was discuised and a copy of this booklet is 

appended. 

At the end, each panel member recorded his/her imprerrioue of the re##ar& 

effot. The related discussion was open and frank. The Chairman prepared the 

initial report and circulated it among the panel members who made commenta, 

suggestions, and changes which were then returned to the Chairman. The eclosed 

document is a summary of this process. At the end of each of the major reotio~~, 

each panelist confidentially rated the research. The choices and values were: VOTY 

high = 5, somewhat high = 4, neither low nor high = 3, somewhat low = 2, andvery 

low = 1. The following is a summary of the voting: 

summaly of voting 

The assessment of the panel is as follows: 

Bcrean?b SC the time it wae pmporcd: 

Rated 3.6. 

Goalaknathods and value dreacarch complstid to date: 

Rated 3.5. 

Suitability of the animal model for the pmpomd re~srch: 

Rated 3.6. 

” 

--_-- -.__-~ 
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5 

Considering the infonantion in the (1) mmarchar’s ff nal report on work under the first 
pmporal and (21 second propoul, how likely would you have been to recommend that tbo 
second rarearab proposal bo tunded? 

Rstad 3.4. 

The panel members rotated in order to initiate the discussion on each point 

while the Chairman attempted to focus the discussion on each topic. During and 

aher the completion of the discussion each member prepared written comments. In 

preparing this report, Dr. Jane attempted to summa&xe the overall feelinga of the 

group, while also recording individual comments, both positive and negative. What 

follows then is, first, a section summarixing the five main areas of the evaluation, 

namely 

1. 

9”: 

Research goals, methods. value. 
Experimental model. 
Ammal care. 

2 
Anesthetic controls. 
Investigator’s equipment. 

Second, concerns taken verbatim from the written comments. 

Third, the atrengthr of the proposal as identified in the write-ups, 

L Research Goals, Methods, Value 

The panel concluded that the goals of the research were valid. The problem 

of missile injury both on the battlefield and in civilian circumstances is important. 

Understanding the pathophysiology of missile injury is the only way that progress 

can be achieved in treatment. 

A general concern centered on the experimental methods because they were 

not described with the precision that is usually seen in a research prop~sd. Most 

considered this lack of experimental detail as a flaw in the proposal. However, this 

flaw was not considered to compromise the basic merits of the proposal. 

It was strongly felt that progress in improving outcome of brain injure can 

only be made via studies such as the one proposed. 
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7 

and, in the reviewer’s opinion, a local anesthetiC was not enough. The other 

clinidane on the panel, however, felt strongly that in patients who are shot there ie 

virtually never any report of pain from the bullet wound itself, even with major 

disruptions of skin, periostewn, and bone. 

There was some concern expressed that the anesthetics used (for example 

barbiturate) might interfere with the study resulta since they might afford cerebral 

protection from the wounding. In addition, the panel was concerned with the 

number of different anesthetics used during the research and the panel was unable 

to tell how the principal investigator adjusted for these differences. Specifically, it 

unclear about which anesthetic in which doses was used in each animal. 

Each anesthetic creates its own problems in interpretation and the use of a 

particular anesthetic does not in itself obviate the value of an experiment. 

5. Invertigator’r Equipment 

From the information given to us by the GAO, this appears to be excellent. 

Dr. Michael Carey is a highly respected member of the neurosurgical 

community with a long-standing interest in missile injury and a unique clinical 

experience in the battlefield. 

Concernm noted by the panel memben: 

The Chairman of the panel felt that, in the interests of being totally objective 

in reporting the findings of everyone, that virtually every negative comment should 

be included. Eight panel members, with one exception, all felt that this method had 

the affect of creating a negative impression. Since all, with one exception, felt quits 

positive about the proposal, there was some question whether or not the comments 

should be included. but coalesced. The Chairman felt in the interest of objectively 

reporting the deliberations of the panel that they should be included, but that it 

should be emphasized that the panel members were objective, demanding, and 
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1. 

2. 

2. 

4. 

5. 

6. 

I. 

a. 

9. 

10. 

11. 

12. 

13. 

14. 

9 

Aiethvdolo&Ddgn- 

Methodological de&n in week, information ie needed on etatirtical anllyeia in working with 
the many variablor, not knovm how tbo number of animalr ir dotenninrd for each 
oxporimont. 

Incompletr drecription of protocol. 

The number of &male roqueeted ir not adequately juatiSed. They rtriko thir reviewer ae 
too high a number for the oxperiment.nl dorign. 

Trirle of druga rhould include rome doer roaponee in order to oetablieh apecificatione. 

The hypothoeeo do not dofine the goale for thr specific troetment paradigmr. 

Methodological doeign -- overall detail ie lacking, problomr and pitfallr are not addroned, 
and a pmir plen of date analysis ir not given. A plan of rtatirtieel analyde ia not clearly 
proronud. 

Origin.el neurological tatally inadequate; however, current ecalo ueod is more l ppropriote. 

Methodological donign - this ir one area which wee doficirnc. How the correlation analyeee 
wore to be done ir uncierr. which ~utieticei analyeee are done ir not clear. Incomplete 
rt~tietical analyeir. Some of the procedurea and mothodologior are not well drrcribed. 

Methodolo@al de&n end etep-by-etep dercription oftho reeearch ir poor. Needr an 
analyrie of the number of animals ta be urod. 

Methodological doeign and rtepby~tep doecription of the roeeerch ir not clear. Statietical 
eignnlflcmc reeulte -. it ir difficult to determine bleed on information provided. 

Hypotheroe we= vow broad, end they had heen previously looked at in a primate modal. 

Study looked st too many variabloe. 

Statistically eignifltznt reeulte . . not stat. analyeir provided in pmpoul. 

Methodologicrl doeign - propoeal ie not clear. 

OpemtivdPostop~mtiv8 Can: 

Procoduroe for operativdportoperativr care -detail on three ieeuer ir quiu inadequate. 

Yore information ir needed about poetop care in the pmpoul. 

Reroarch ar porforrnod - poor rrcordr, poor poetop mcordr. 

Portop care information inadequate to judge. 
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1 
11 

1. 

8. 

10. 

11. 

1. 

2. 

3. 

1. 

TAO widely notad finding of treumr ioducad rpnm doon not appear puticululy novel eDd, 
indssd, some uution should be exercised when translating theu findings in wt to humana 
sustaining brain wounds. Ths propowd drug treatment sbatagies offer thr most promiss for 
bmbwoundrd hunmns. However, until these dnyl studies are brought to closure, no 
comment can be meds regwding their epplicability to humens. 

Thr finding ofapnw is not uniqus and not new. 

Law pmbebility ofcliniully signiflcent tiding. 

Does not feel ths information gained to d&e will roault in anything of v&e or that ir 
different than what is l lreedy known &out in the fisld of medidne. 

Animal Can / MMf.8~ 

Animal care -- poor dotail. uneble to judge, 

Bsliews that rrrarcb objrctives could bs obtained without using the “cat model.” Believes 
that computer models could be used. (One reviewor strongly disagreed with this point of 
virw since he felt, as the Chairnmn did elro, thrt there wes a consensus that en animal 
model had to bs used for this typo of injury. This point is of course of critical importancr 
end, once egein, 7 out of 8 panel members agreed thet en animal model was nrwssary.j 

Concrm about the decapitation proracol. 

Olhm 

Whmt were the expeoution~ ofthe Ilnny? Was it open ondsd or were there wtin 
prrformmce benebmarks? How was the contrect monitored? 

While these were the concerns of the panel, the overall feeling was positive. 

For example. the following were some of the comments made by the panelisb: 

1. 

2. 

3. 

* 

This is en intarerting prupwel dealing with the an important area of hoed injury, namely, 

miwile head woundr. While the hypochesea are broadly stetad, they ars important end 

cleer:..to develop a heed injwy model which is system& end reprodueiblr. and in which a 

variety of therapeutic and pharmewlogicsl interventions can be tested. This ir of 

importancs and the Principal Investigator has done this well, i.e., hia approach is valid. 

We know littlr concerning the treatment of gunshot wounds both in milikry dtuedons and 

in daily life in our cities; this study un help in this rogeti. 

I believe whatever information either positive or nrptive, coming from these detr would bs 

immrdiataly transferable ia humans. 
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9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

” 

13 

1 belbe that much of the work that ir ta be done in the Murs has morr l ppliuMB~ h. 

that which has bran done ah&y. 

Important topic with n&limitations in our hnowledge. 

Worthwhils, a valid approach. 

Research follows a systematic plan and valid approach. 

B~smh is on track. 

Research ie adding to thr body of hnowlrdge on brain wounds. 

Probably the best model l vailnble to penetrating hod injury. 

This is a very important project, funding should continue. 

The lab’s unique research completed to date has mnde two valuable contributions: 1) 

developed and characterized I model for ballistic penetrating injury: 2) provided additional 

detail on the acute changes following injury. 

The research is a very important topic that has not ken researched elsewhere. It has 

obvious major impotice regarding developing both research questions and testing 

interventions for use in combat casualty care and for civilian gunshot wounds. 

The project does not duplicate misting rssearch. Many ofthe conclusions to date support or 

provide experimental detail to improve ths understanding of commonly hsld dotinr and 

clinical opinion. The research complements previous findings and mahas a signiikant 

specific contribution in providing a model that others can also uss. Puturs testing of drugs 

on a standard model could be a significant contribution, even if limited applicability or e&et 

is found. 

The current doctrine of combat uruelty wre could be changed to further empbasixo the 

immediate airway management and head injured butls usualties. 

Very important to continua funding. 

I far&that the hypothesis is both medically valid and important. 

The PI has developsd sn important animal model for application for missile injury for both 

the DOD and the civilian community. 
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15 

86. In thr flold of pmrtmtin(r brein woun&, this invo~U@on must br mnridrred unique. At 

pmrmt, no other group in the nation b conducting arch rtudirr. A# we w becoming en 

incrudndv violoat radrcy with en ineraamd incidrncr of trnuma to tha brain, the nerd for 

such studies kcmxr~ all thr more l mrmt. 

Over approximately a six-hour period, a vigorous discussion and analysis of 

the research project was carried out. The general conclusion was that this is a 

unique model, that no one else it working in this particular area, and that funding 

should be continued. A major criticism of each of the reviewers was the lack of 

productivity. However, abstracts end a Journal of Neurosurgery article may 

represent the beginning of their productivity. In addition, there was also some 

question about the exact methodology that was being used. The issue of animal 

care was addressed There was general agreement that since this was an accredited 

UALAC facihty that proper care was being taken. The anesthetic controls were 

somewhat variable and the cxiticirm that was made focused on validity of rerulta, 

but not upon whether the animals were protected from pain. It was pointed out 

that gunshot wounds to the head are not reported by humans who survive to be 

painful and that however distasteful the appearanoe of the event may be, conscious 

appreciation of pain is lost immediately. Moreover, in those humans that sunrive, 

pain is not conunonly reporred when consciousness retuma. Everyone agreed that, 

in the usual site visit situation. the Principal Investigator would have been able to 

respond to these questions, and that with the technique used for this particuiar 

report, this was not possible. One panelist was clearly less enthusiastic on alI of 

these points than the others and these comments have been included in the 

concerns section. This report has been circulated to all of the panel members and 

meets with their approval. 
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Bibliography of Anesthesia Articles 
Provided by LSU 

On November 9, 1989, the principal investigator and others from the LSU 
Medical School provided us with 41 articles about research using cats 
and pentobarbital as the anesthesia; the articles are to support the posi- 
tion that pentobarbital is an acceptable anesthetic for use in the ISU pro- 
ject. In the articles that are cited, researchers initiate anesthesia with 
pentobarbital, but in about one-third (12) of the articles, the anesthesia 
is maintained over the operative period with nitrous oxide and oxygen. 
One article discusses the use of pentobarbital in humans; and another 
discusses the effects of barbiturates. These articles are listed below. In 
some cases, the text of the articles did not indicate a source, date of 
publication, or page numbers. 

These articles were also reviewed by Dr. Lawrence R. Soma, who 
emphasized that rigorous control of pentobarbital is essential in a brain 
injury project such as this one. 

Edema and 
Pentobarbital 

Bartko, D., and others. “Effect of Dexamethasone on the Early Edema 
Following Occlusion of the Middle Cerebral Artery in Cats,” pp. 127-37. 

Beks and others. “Increase in Intraventricular Pressure in Cold Induced 
Cerebral Oedema.” Acta Physiologica, Pharmacologica, Neerl, Vol. 13 
(1965), pp, 317-29. [Anesthesia maintained with nitrous oxide.] 

Hatashita, J.C.S., and J.T. Hoff. “Cortical Tissue Pressure in Injured 
Brain After Subarachnoid Hemorrhages.” In Intracranial Pressure VII, 
J.T. Hoff and A.L. Betz, eds. Berlin, Heidelberg: Springer-Verlag, 1989, 
pp. 719-21, 

Shalit, M.N., and S. Cotey. “Interrelationship Between Blood Pressure 
and Regional Cerebral Blood Flow in Experimental Intracranial Hyper- 
tension.” Journal of Neurosurgery, Vol. 40 (May 1974), pp. 594-602. 

Go, K.G., J. Gazendam, and A.K. van Zanten. “Influence of Hypoxia on 
the Composition of Isolated Edema Fluid in Cold-Induced Brain Edema.” 
Journal of Neurosurgery, Vol. 51 (July 1979), pp. 78-84. [Anesthesia 
maintained with nitrous oxide.] 

Long, D.M., and others. “Multiple Therapeutic Approaches in the Treat- 
ment of Brain Edema Induced by a Standard Cold Lesion.” In Steroids 
and Brain Edema, H.J. Reulen and K. Schuermann, eds., pp. 87-94. 
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Flow and Metabolism, Vol. 5 (1985), pp. 241-52. [Anesthesia maintained 
with nitrous oxide.] 

Davis, D.H., and T.M. Sundt. “Relationship of Cerebral Blood Flow to 
Cardiac Output, Mean Arterial Pressure, Blood Volume, and Alpha and 
Beta Blockage in Cats.” Journal of Neurosurgery, Vol. 52 (June 1980), 
pp. 746-54. 

Stromberg, D.D., and J.R. Fox. “Pressures in the Pial Arterial Microcir- 
culation of the Cat During Changes in Systemic Arterial Blood Pres- 
sure.” Circulation Research, Vol. 31 (Aug. 1972), pp. 229-39. 

Yokoyama, R., and others. “Experimental Study of the Correlation 
Between Evoked Potentials (SEP and AEP) and the Perfusion Pressure.” 
In Intracranial Pressure VII, J.T. Hoff and A.L. Betz, eds. Berlin, Heidel- 
berg: Springer-Verlag, 1989, pp. 845-49. 

Heiss, W., and H. Traupe. “Comparison Between Hydrogen Clearance 
and Microsphere Technique for rCBF Measurement.” Stroke, Vol. 12 
(1981), pp. 161-67. [Anesthesia maintained with nitrous oxide.] 

Rosner, M.J., and D.P. Becker. “Origin and Evolution of Plateau Waves.” 
Journal of Neurosurgery, Vol. 60 (Feb. 1984), pp. 312-24. [Anesthesia 
maintained with nitrous oxide.] 

Little, J.R. “Modification of Acute Focal Ischemia by Treatment With 
Mannitol.” Stroke, Vol. 9 (Jan-Feb, 1978), pp. 4-9. 

Tanaka, K., and others. “Regional Alterations in Glucose Consumption 
and Metabolite Levels During Postischemic Recovery in Cat Brain.” 
Journal of Cerebral Blood Flow and Metabolism, Vol. 5, (1986), pp. 502- 
1 1. [Anesthesia maintained with nitrous oxide.] 

Ginsberg, M.D., W.W. Budd, and F.A. Welsh. “Diffuse Cerebral Ischemia 
in the Cat: 1. Local Blood Flow During Severe Ischemia and Recircula- 
tion.” Annals of Neurology, Vol. 3 (June 1978), pp. 482-92. [Anesthesia 
maintained with nitrous oxide.] 

Silver, IA. “Changes in PO, and Ion Fluxes in Cerebral Hypoxia- 
Ischemia.” Advances in Experimental Medical Biology (1977), pp. 299- 
312. 
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Dewitt, D.S., and others. “Effects of Fluid-Percussion Brain Injury on 
Regional Cerebral Blood Flow and Pial Arteriolar Diameter.” Journal of 
Neurosurgery, Vol. 64 (May 1986), pp. 787-94. 

Duckrow, R.B., and others. “Oxidative Metabolic Activity of Cerebral 
Cortex After Fluid-Percussion Head Injury in the Cat.” Journal of Neu- 
rosurgery, Vol. 54 (May 1981), pp. 607-14. 

Zierski, J. “Blood Flow in Brain Structures During Increased ICP.” Acta 
Neurochirurgica, Suppl. 40 (1987), pp. 95-l 16. 

Other Articles DeSalles, A.A.F., and others. “Transient Suppression of Event-Related 
Evoked Potentials Produced by Mild Head Injury in the Cat.” Journal of 
Neurosurgery, Vol. 66 (Jan. 1987) pp. 102-08. 

Auer, L.M., and others. “Sympatho-Adrenergic Influence on Pial Veins 
and Arteries in the Cat.” In Cerebral Blood Flow: Effects of Nerves and 
Neurotransmitters, D.D. Heistad and M.L. Marcus, eds. Elsevier North 
Holland, Inc., 1982, pp. 291-300. [Anesthesia maintained with nitrous 
oxide.] 

Langfitt, T.W., and others. “Contribution of Intracranial Blood Volume 
to Three Forms of Experimental Brain Swelling.” pp, 261-70. 

Siejoe, B.K. Brain Energy Metabolism. Chichester: John Wiley and Sons, 
pp. 237-38. 
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Experiment Data 

Tabls 1X.3: Research Data on intracranial 
Pressure-Cats Wounded at 0.9 Joules Time Standard 

(mins.) M219 M227 M231 M233 M239 Means deviation 
0 7.0 16 8.0 10 3 8.8 4.764452 
1 28.0 46 13.0 19 17 24.6 13.164346 .---______ 
3 34.0 30 14.0 14 18 22.0 9.380832 ~~~--. -.-----_- 
5 26.0 26 17.0 10 17 19.2 6.833740 

- 10 13.0 24 25.0 8 18 17.6 7.231874 

2% 
---.._____--.- 

9.0 22 29.0 9 32 20.2 10.848963 -... - ~--.- 
30 8.0 22 38.5 10 26 20.9 12.471969 

&I 8.0 20 31.0 11 18 17.6 8.961027 

120 7.0 29 29.0 15 23 20.6 9.528903 ..---~.-.--- ___- 
180 9.0 30 27.5 22 20 21.7 8.167007 --- 
240 8.0 30 25.0 22 21 21.2 8.167007 

300 10.5 26 21.0 17 20 18.9 5.705261 -..----. 
360 10.5 26 25.0 19 20 20.1 6.168468 

Source: LSU’s Final report on the first contract, p. 102 

Table 1X.4: Research Data on Intracranial 
Pressure-Cats Wounded at 1.4 Joules Time Standard 

(mins.) M22 M328 M234 M237 M243 Means deviation 
0 4 11 5 5 a 6.6 2.880972 
1 20 20 36 30 78 36.8 24.024987 
3 27 19 30 43 106 45.0 35.178118 - -..-.__- 
5 23 17 29 38 72 35.8 21.672563 
IO 14 18 31 32 56 30.2 16.437761 

20 18 21 33 37 36 29.0 8.860023 -..-~~~~~- -.... -.--- 
30 19 22 33 35 35 28.8 7.694154 

60 20 20 40 23 66 33.8 19.829271 

120 20 32 35 15 51 30.6 14.081903 
160 -- 17 34 27 16 51 29.0 14.370108 

240 
..~~._ 
22 36 26 30 55 33.8 12.930584 

300 
-~ ._~.~~~~ ~~~-...~-.~ 

24 40 28 36 52 36.0 10.954451 
360 28 35 31 36 47 35.4 7.231874 

Source, LSU’s final report on the first contract, p. 103. 
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Figure 1X.1: Brain Water in the White 
Matter of the Cerebral Hemisphere for 
Control Cats and Cats Injured at 
Different Energy Levels 

I 

80 

75 

70 

85 

0 8 24 48 72 188 
Time In Hours 

1 1 Control 

~ 0.9 Joules 

1.4 Joules 

m ROD 

Means ~5.0. ** P<O.Ol: *P<O.O5 of Control. + P<O.O5. 0.9 J v 1.43 

Note: This figure indicates the amount of brain water in the white matter of the cerebral hemisphere for 
control cats and cats injured at different energy levels. 
Source: LSU’s final report on the first contract, p. 60. 
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Figure 1X.3: Brain Potassium in the White 
Matter of the Cerebral Hemisphere for 
Control Cats and Cat8 Injured at 400 MEQlKG Dry Weight 

Different Energy Levels 

300 

JO 
I 

0 
Time In Hours 

8 24 48 72 

1 1 Control 

~ 0.9 Joules 

1.4 Joulee 

m ROD 

Means kO.05. l P~0.05 of Control 

Note: This figure indicates the amount of brain potassium in the white matter of the cerebral hemisphere 
for control cats and cats injured at different energy levels. 
Source: LSU’s final report on the first contract, p. 62 
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i!icle of lkllimds used 

On November 9, 1989, the principal investigator provided us the fol- 
lowing schedule of animals used in the 10 main areas of the ISU 
research. This schedule accounts for the total number of cats (1) used, 
(2) not used, and (3) from which usable data was obtained. These 10 
research areas include the 33 experiments outlined in June 1989 for 
GAO'S medical review panel; together, these 10 areas comprise what the 
principal investigator describes as the main thrust of the work. 

Table X.1: Animals Ueed III 10 Maln 
Research At-ear (Nov. 9,1989) 

-- 
Brain catecholamines 
Total used 

Number of cats 

57 
With usable data 37 
Remainder: 20 

Technique development -_-- 
Assay check 

Pilot studv 

6 
4 
3 

Indeterminate 1 

Technical failure 

ICP outside acceptable range 

Histology 
Total used 

3 - 
3 

25 

With usable data 19 
6 
1 -__- 
5 

Remainder: _----...---..------_--- 
Died after wounding 

Poor fixation 

Behavior -____-- ..___.___ -- -- 
Total used 
With usable data ---_______ --- 
Remainder: 

53 

24 

9 

lsoflurane deaths 

Living but pregnant -- __-__-- 
Blind 

Died after woundinu 19 

6 

3 
1 

Plasma catecholamines 
Total used------ 
With usable data __-_---_-.- .___. -- ----- 
Remainder: 

3j 

32 _----- ~- 
5 

ICPs outside acceptable pressure 4 

(continued) 
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Total: 
Died postwounding 
Resoiratorv oroblems 

Massive brain bleeding 1 

Number of cats 
16 

7 

3 

Inaccurate shot 1 

Monitored only 4 of 6 hours .-_____ 
Solenectomized 

1 

3 

Brain water and electrolytes _-_ 
Total used 

____ 
111 

With usable data 74 

Remainder: 37 

Different anesthetic _-.- 
Different trajectory .----- 
Massive brain hemorrhaae 

Died postwoundina 19 
8 

6 
4 

Miscellaneous 
Total used 
With usable data ~___ 

23 

9 

Remainder 14 
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Comments From the Department of Defense 

The detailed DOD comments on the report findings and 
recommendations are provided in the enclosure. Additional 
technical changes have been separately provided. The Department 
appreciates the opportunity to comment on the draft report. 

Sincerely, 

Charles M. Herzfeld 

Enclosure 
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Now on pp. 3-4,21, and 
212-298. 

consistent with the mission of the Army Medical Research 
and Development Command to conduct medical research 
designed to support the soldier in the field. 

l FINDING B: Evaluation Of The Research Under The Louisiana 
State University Project. The GAO reported that, to 
evaluate the scientific aspects of the project, the GAO 
convened a panel of medical experts to review the research 
and identify any areas warranting further investigation. 
The GAO explained that the panel of experts reviewed the 
contract proposals and various reports sent to the Army 
under the contract requirements --and provided both their 
individual comments and a summary compiled by the panel 
chairman. The GAO reported that most panelists expressed 
concerns about the research performance in some areas, with 
most concerned about management of the anesthesia and post- 
operative care. The GAO further reported, however, the 
panel concluded that the goals of the research are valid 
and that treatment of missile injury is important. 
According to the GAO, the panel strongly believes that 
progress in improving the outcome of brain injury can only 
be made through studies such as the Louisiana State 
University project and deemed the model unique and suitable 
for the investigations undertaken. The GAO also reported 
that, to the best of the panel's knowledge, no other group 
has developed such a model or studied and characterized it 
so extensively. 

The GAO reported that the panel relied on the accreditation 
of Louisiana State University by the American Association 
for Accreditation of Laboratory Animal Care in concluding 
that care of the animals was adequate. In addition, the 
GAO noted that the panel was reassured by its chief 
consultant on the care of animals that Louisiana State 
University more than adequately met the Association's 
standards. According to the GAO, the panel did not believe 
it could judge the adequacy of the postoperative care 
procedures from the documentation reviewed. The GAO also 
reported, however, that the panel believed the anesthetics 
were adequate to protect the animals from pain during the 
wounding, commenting that the brain has no nerve endings 
per se and does not suffer pain postoperatively. In 
addition, the GAO reported that the panel concluded that 
the principal investigator is a highly respected member of 
the neuro-surgical community, with a long standing interest 
in missile injury and a unique clinical experience in the 
battlefield. The GAO reported that, while most panelists 
expressed concerns about research performance in some 
areas, the panel concluded that the project had merit and 
that funding for the project should continue. (Pm 3, 
pp. 5-6, pp. 33-34, pp. 115-206/GAO Draft Report) 
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Now on pp. 3-5, 21-26, and 
41. 

comparability in the depth of anesthesia among wounded and 
unwounded cats. The GAO concluded that questions about the 
control of general anesthesia used in the Louisiana State 
University project is one of several concerns that raise 
doubts about the validity of some of the research results. 
(pp. 3-4, pp. 6-7, pp. 34-41, pp. 70-71/GAO Draft Report) 

DOD RESPONSE: Partially concur. The DOD agrees with the 
scientific panel that the anesthctic8 used were adequate to 
protect the animals from pain, However, the assertions of 
the veterinary anesthesiologists that the Louisiana State 
University studies lacked proper dose control of the 
anesthesia and, therefore, raised doubts about the validity 
of the research is a misstatement of the facts. The method 
of anesthesia control was completely proper and in no way 
invalidated the research data. The veterinary 
anesthesiologists expressed concern as to the need for 
maintenance of the animals at the same depth of anesthesia. 
The anesthesiologists advocated precise control of the dose 
and implied that, if the dose was not precisely controlled, 
it would be impossible to determine whether the 
pathophysiologioal changes were due solely to the injury or 
to s combination of the injury and the anesthesia. In 
fact, the only scientific method to determine precisely 
whether the aneethesia had any effect on the 
pathophysiological changes would be to produce brain trauma 
in an unanesthetized cat. Such an experiment would be 
totally unacceptable because’ it would be inhumane and it 
would violate animal welfare laws and regulations. The 
response to the same dose of anesthetic will vary 
significantly from subject to subject. This will occur 
even if serum or alveolar levels are measured and kept 
uniform. The key is not a standardized dose, but rather a 
standardized response. In the work at Louisiana State 
University, this was accomplished by evaluating both eyelid 
and toe pressure reflexes. The anesthetic agent was 
initially given intraperitoneally to avoid atress to the 
cat and injury to the animal handler. Additional doses of 
anesthesia were administered via the intravenous route so 
that s uniform response was maintained. It ia important to 
note that any form of anesthesia will have, by definition,’ 
an effect on the central nervous symtem, to include 
cerebral blood flow, as well as other systemic effects. 
The small effect of pentobarbftal anesthesia on cerebral 
blood flow has been accounted for by the principal 
investigator in hia scientific design and evaluation of the 
data. It is to account for effects such as this that 
control groups are used in research. It should be pointed 
out that the scientific panel deemed pentobarbital an 
appropriate anesthetic for this study. 

Initial intraperitoneal and follow up intravenous 
anesthetic doses were determined by the Louisiana State 
University group by conducting more that 50 meticulously 
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Now on pp. 3-6, 22, 28-33, 
and 41.42. 

deficits produced by the wounding and the effects of 
various treatment regimens to ameliorate those deficits. 
Thus, the details of the postoperative records should not 
raise any concerns about the validity of the research 
results. 

0 FINDING Er Questions About Other Aeoects Of Research 
Performance. The GAO reported that the lack of detail in 
other aspects of the Louisiana State University research 
performance raised additional questions from the veterinary 
anesthesiologists about the validity of the reported 
results. The GAO observed, for example, that three 
anesthesiologists, who commented on the blood gan 
experiments, indicated that the reported data on oxygen and 
carbon dioxide levels suggest measurement errors and that 
the project researchers were unable to control blood gases. 
According to the GAO, the anesthesiologists believe that, 
unless the incongruities in the blood gas data are 
explained, the related research results may be invalidated. 

The GAO also reported that questions were raised about the 
trauma model used in the project. According to the GAO, 
the Army awarded the contracts based on the assumption that 
a valid model existed for studying fragment injuries and 
testing various treatment drugs. The GAO reported, 
however, that two of the anesthesiologists found that the 
model does not predictably produce graded responses, while 
three of the anesthesiologists commented on the high 
failure rate of the model. In this regard, the GAO noted 
that the failure rate was more than two and one-half times 
greater than that estimated by Louisiana State University. 

Finally, the GAO found that not all the data included in 
the research have been reported. The GAO found, for 
example, that the reported results do not discuss data from 
experimental failures. The GAO compared the laboratory 
notebooks with reports submitted to the Army and found 
substantial difference between the number of animals used 
and the number for which data were reported. According to 
the GAO, all five anesthesiologists believe that, on the 
basis of the current emphasis of minimizing the use of 
experimental animals for both humane and cost purposes, 
there is a marked disproportion between reported and 
unreported animals in the Louisiana State University 
project. The GAO concluded that questions about these 
other aspects raise doubts about the validity of some of 
the research results. The GAO further concluded that the 
concerns discussed in Findings C, D, and E, taken together, 
suggest the need for a careful reassessment of the 
project'5 future. (pp. 3-4, p. 8, pp. 35-36, pp. 46-55, 
pp. 70-71/GAO Draft Report) 
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Now on pp, 3-4 and 34 

the law. The GAO noted that similar language has been 
included in DOD Appropriation Acts since FY 1984. The GAO 
observed that, while the legislative history shows 
congressional concern’regarding the use of cats and dogs, 
it does not indicate why the law prohibits their use for 
training purposes, but not for other purposes. The GAO 
further concluded that, because it involves research and 
does not involve training, the Louisiana State University 
research does not violate the public law limiting the use 
of cats and dogs in DOD projects. (p. 4, pp. 56-57/GAO 
Draft Report) 

DOD RESPONSE: Concur. Public Law loo-202 only prohibits 
DOD from purchasing or using dogs and cats for the training 
of DOD students or other personnel in surgical or other 
medical treatment of ballistic wounds. The Army contract 
with Louisiana State University is strictly for research 
and does not involve training. Therefore, it is in 
compliance with Public Law 100-202. 

0 FINDING G: Army Monitorinq Of Contract Performance. The 
GAO reported that Army contract monitoring procedures, such 
as site visits and review of progress reports, provide the 
means for determining whether the research activities are 
consistent with contract requirements and ensure that the 
research results will be of value. In the case of research 
projects, the GAO reported that the Army appoints a 
technical person as the contracting officer representative 
to assist the contracting officer in monitoring contract 
performance. The GAO found, however, that although such an 
individual has a critical role in monitoring the technical 
aspects of research performance, four different contracting 
officer representatives have been appointed since 1983--and 
for a significant portion of the time, there has been no 
technical contracting officer representative. 

The GAO also found that the monitoring by the contracting 
officer representative has been limited and lacked depth. 
The GAO cited several examples indicating that, even when 
there was one, the technical representative made infrequent 
site visits to the project. In addition, the GAO pointed 
out that the reports prepared on those visits do not 
indicate any follow-up of concerns noted in the reports. 

The GAO further found that the majority of the required 
contract reports have been submitted to the Army late and 
there is little evidence that the Army has attempted to 
enforce its reporting provisions. The GAO also found that 
the Louisiana State University did not make the changes to 
the research scope and methodology recommended by the Army 
peer review panel evaluating the second contract proposal. 
The GAO reported that the Army took no action to assure 
these recommendations were implemented after the concerns 
were communicated to Louisiana State University. Finally, 
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for the current contract. In addition to the documented 
visits, numerous undocumented telephone conversations took 
place between the contracting officer's representative and 
the principal investigator at Louisiana State University to 
discuss progress of the study. (Steps have been taken to 
make sure future telephone contacts are fully documented.) 
More frequent visits to such a fully accredited institution 
were not deemed necessary. It is correct that reporting 
dates were not met. The contracting officer's 
representative and the contract specialist did remind the 
principal investigator on many occasions that the required 
Army reporting dates were not being met, but the Army made 
no other attempt to enforce the reporting deadlines. An 
enforcement mechanism is now in place that requires the 
contract specialist to return all vouchers unpaid to the 
contractor if required reports have not been submitted on 
time. 

Concerning the Peer Review Panel comments, Louisiana State 
University did not respond to those comments because they 
were intended only for internal Army review to determine 
and rank the scientific merit of all proposals submitted 
for possible funding. The Peer Review Panel's comments 
were not intended to be transmitted to the contractor. 
Instead, they were forwarded to an After-Action Committee 
that made the final determination on what was included in 
the contract with Louisiana State University, based on Army 
requirements. The After-Action Committee, with the 
concurrence of the acquisition management liaison officer, 
voted to accept the proposal "as is." Thus, the peer 
review comments were not sent to Louisiana State University 
for comment or incorporation into the proposal. 

The changes made by Louisiana State University did not 
constitute changes of methodologies, stated objectives of 
research effort, or of the phenomenon or phenomena under 
study. We do agree, however, that the changes should have 
been discussed with the Army before implementation. The 
research investigators have been advised to follow such 
pre-consultation/pre-approval procedures before making any 
changes in the future. 

0 FINDING H: Technical Assistance Provided By The Army. The 
GAO observed that contract monitoring procedures give the 
Army the opportunity to (1) provide technical assistance, 
(2) guide and direct aspects of the research, (3) 
participate in decision making, and, (4) thereby, increase 
the probability of success. The GAO found that the Army 
only provided technical assistance early in the research 
effort, when the researchers experienced difficulty with 
the gun. The GAO concluded, however, that assistance was 
not provided at other times when it appeared to be 
appropriate to direct or participate in decision making to 
help resolve performance related issues. 
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Y 

Now on pp. 6 and 42. 

Now on pp 6 and 42 

brain wounds. The change in compounds was not a change in 
the methodologies. It has, however, been discussed with 
the Army and the Army has documented its agreement with 
using the newly developed drugs. 

* * * * * 

RECOMMENDATIONS 

l RECOMMENDATION 1: The GAO recommended that the Secretary 
of Defense decide if the benefits of the Louisiana State 
University project on brain wound research have already 
been substantially achieved --and if the Secretary of 
Defense determines that the benefits have been 
substantially achieved, the project should not continue. 
(p. 9, p. 72/GAO Draft Report) 

DOD RESPONSE: Concur. During September 1990, the Office of 
the Director, Defense Research and Engineering, will 
conduct a review of pertinent reports and documents 
associated with the brain wound research project. The 
review will include the reports of the Army and Louisiana 
State University studies of the project conducted 
concurrent with the GAO study. Other pertinent documents 
and records will also be included. Each of the expressed 
concerns of the GAO will be considered in the process to 
determine the overall impact they have on the conduct of 
the research. The review will permit an assessment of the 
achievements to date, as well as those that remain to be 
accomplished. If the objectives have been substantially 
achieved, the Director, Defense Research and Engineering, 
will recommend to the Secretary that the project be 
terminated. 

0 RECOMMENDATION 2: The GAO recommended that, if the 
Secretary of Defense finds that the benefits of the 
research project have not been substantially achieved, the 
Secretary should review the concerns raised in the GAO 
report to determine if continuing the contract will produce 
additional useful information. (p.9, p. 72/GAO Draft 
Report ) 

DOD RESPONSE: Concur. If the review and assessment cited 
in the response to Recommendation 1 indicate that there are 
substantial additional benefits to be gained by continuing 
the project, each of the GAO concerns will be carefully 
evaluated to determine its effect on the project. Such an 
effort will be directed at determining whether any of them 
would prevent the project from producing additional 
substantial benefits. If all the concerns either are 
considered to have insignificant effects or can be 
corrected to eliminate any adverse effect, continuation of 
the project will be recommended. 
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Purpose After the Army made details public, in the summer of 1988, about a 
research project using cats to study shell and other fragment wounds to 
the brain, an intense debate began as to the project’s usefulness. The 
subject of the debate was research being done under U.S. Army Medical 
Research and Development Command contracts with the Louisiana State 
University (LSU) School of Medicine in New Orleans. The Army defended 
the research as necessary to learn how to treat combat-incurred brain 
wounds more effectively so that soldiers could be returned to duty, 
thereby conserving military fighting strength. Critics of the research, 
including New Orleans-based animal welfare groups, argued that the 
project would not add to the body of knowledge already established by 
other research on the treatment of brain wounds. 

At the request of Representative Robert L. Livingston, GAO reviewed the 
project to assess the likelihood that the remaining contract will provide 
useful results. GAO also reviewed the adequacy of the Army’s manage- 
ment of the brain-wound research contracts with ISU and determined 
whether the research violates public law limiting the use of cats and 
dogs in Department of Defense (DOD) projects. The Defense Appropria- 
tions Act of 1991 (P.L. 101-511, Nov. 5, 1990) prohibits the Army from 
disbursing any of its fiscal year 1991 or prior years’ appropriations to 
fund the LSU research, except for previously incurred costs, pending 
completion of GAO’s review. 

Background The Army conducts a medical research and development program 
designed to support the soldier in the field and meet other Army health 
needs. The Army entered into two contracts, in succession, with LSU for 
brain-wound research. The performance period of the two contracts, the 
first of which began in 1983, has spanned 8 years. The total cost for the 
contracts will be about $2.1 million. As of November 9,1989, about 700 
cats had been used in the research. 

GAO primarily used four sources of data: the Army, LSU, a panel of med- 
ical experts, and also veterinary anesthesiologists. To obtain informa- 
tion on the LSU contracts and how the Army managed them, GAO met 
with Army officials and reviewed contract files. GAO also visited the 
research laboratory at LSU several times and discussed the research with 
the principal investigator and LSU officials. To evaluate the usefulness of 
the project and identify any areas warranting further review, GAO con- 
vened a panel of experts, representing a variety of medical specialties, 
in June 1989. In a day-long meeting, the panel reviewed the contract 
proposals and various project reports LSU submitted to the Army under 
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operating procedures for monitoring the performance of the research 
and did not provide technical assistance when appropriate. (See ch. 3.) 

Principal Findings 

Expert Medical Panel 
Believes LSU Project Has 
nm#..Ac lVlt!l 1 L 

The GAO panel concluded that the goals of the research are valid. The 
treatment of missile injury, both on the battlefield and in civilian cir- 
cumstances, is important. The panel strongly believes that progress in 
improving outcome of brain injury can only be made through studies 
such as this one. The model was deemed to be unique and suitable for 
the investigations undertaken. To the best of the panel’s knowledge, no 
group other than LSU has developed such a model or studied and charac- 
terized it so extensively while pursuing therapeutic strategies aimed at 
improving outcome of brain injury. 

The panel relied on the American Association for Accreditation of Labo- 
ratory Animal Care’s’ accreditation of LSU in concluding that care of the 
animals was adequate. Furthermore, the panel was assured, by its chief 
consultant on the care of animals, that LSU has more than adequately 
met the association’s standards. The panel did not believe that it could 
judge the adequacy of the postoperative care procedures from the pro- 
ject documentation they reviewed. But the panel believes that the anes- 
thetics were adequate to protect the animals from pain during the 
wounding itself. Further, the panel commented that the brain has no 
nerve endings per se and does not suffer pain postoperatively. 

The panel also concluded that the principal investigator is a highly 
respected member of the neurosurgical community with a long-standing 
interest in missile injury and a unique clinical experience in the battle- 
field. Although, as mentioned earlier, the panel concluded that the pro- 
ject had merit, it expressed concerns about the performance of the 
research in some areas. 

Questions About Control of To compare wounded animals with other wounded animals and to com- 

General Anesthesia pare wounded animals with unwounded ones, animals should be main- 
tained at the same depth of anesthesia. Some of the measurements 

Y 

‘This is an organization that accredits institutions engaged in animal research. Institutions volunta- 
rily seek accreditation that, if obtained, must be periodically renewed. 
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l blood gas measurement values that were beyond the realm of 
possibility,2 

. lack of different responses to injuries of increasing severity, 
l the number of cats used in the research that did not result in usable 

data, and 
. data from a large number of cats that were excluded from the reported 

results. (See ch. 2.) 

Army’s Management of the The Army has not adequately monitored the technical performance of 

LSU Contracts Inadequate the LSU contracts so as to increase the probability of project success by 
(1) participating in project decision making and (2) identifying technical 
assistance needs. The contracting officer’s representative-the primary 
individual responsible for monitoring contract technical performance- 
made infrequent site visits; frequently allowed contractually required 
progress reports to be submitted late, combined with other reports, or 
not submitted at all; and did not thoroughly review the reports that 
were submitted. (See ch. 3.) 

Recommendation GAO recommends first that the Secretary decide if the project’s benefits 
already substantially have been achieved. If so, the Secretary should not 
continue the project, 

If the Secretary finds that the benefits substantially have not been 
achieved, GAO recommends that he review the concerns raised in this 
report to determine if continuing the contract will produce additional 
useful information. If, after this review, the Secretary finds it desirable 
to continue the project, then GAO further recommends that he ensure 
that the concerns GAO identified have been resolved. 

Agency Comments DOD and I.SU provided written comments on a draft of this report. DOD 
partially agreed with GAO’S findings on the Army’s management and 
monitoring of the LSU contract and has taken corrective actions. In addi- 
tion, DOD concurred with GAO'S recommendations on DOD procedures to 
decide whether to continue funding of the LSU project on brain-wound 
research. DOD has scheduled reviews and assessments of the brain- 
wound research to implement these recommendations. 

2Blood gas concentrations are one measure of the depth of anesthesia. 

Page 6 GAO/BBD-9130 Army Biomedical Brain-Wound Research 



Contents 

Executive Summary 

Chapter 1 
Introduction Background 

Objectives, Scope, and Methodology 

12 
12 
17 

Chapter 2 21 
Research Has Merit Questions About Control of General Anesthesia 22 

but Validity of Results Questions About Effect and Adequacy of Postoperative 25 
Care 

Questioned Questions About Other Aspects of Research Performance 28 

Chapter 3 34 
Army’s Management Contracts Do Not Violate Public Law on DOD Use of Cats 34 

of the Contracts and Dogs 
Contract Performance Poorly Monitored 34 

Inadequate Technical Assistance Not Provided When It Might Have 40 
Been Appropriate 

Chapter 4 
Conclusions, 
Recommendations, 
Agency Comments, 
and Our Evaluation 

Appendixes 

Conclusions 
Recommendations to the Secretary of Defense 
DOD and LSU Comments 

Appendix I: Proposal I 

41 
41 
42 
42 

48 
109 
186 
212 
213 

Appendix II: Proposal II 
Appendix III: Description of LSU Research Experiments 
Appendix IV: Members of GAO’s Medical Panel 
Appendix V: Comments From Individual Members of 

GAO’s Medical Panel 
Appendix VI: Report From GAO’s Medical Panel on Brain- 

Wound Research Project 
Appendix VII: Veterinary Anesthesiologists GAO 

Consulted 

284 

299 

Appendix VIII: Bibliography of Anesthesia Articles 
Provided by LSU 

300 

Appendix IX: Experiment Data 305 

Page 8 GAO/HRD-91-30 Army Biomedical Brain-Wound Research 



Appendix I 
Proposal I 

BRIEF SUMMARY OF EXPERIME 3 

03 Year- Regional BBB permeability in the cat 

quantified by PS Products of Aminoiso- 

butyric Acid and Polyethylene Glycols 

(MW 400, 900 ) 

Effect of a missile wound upon the cat’s 

BBB quantified by PS product changes 

Perfect Techniques 

PS Products 

1) Aminoisobutyric Acid 

2) Polyethylene Glycol MW400 

3) Polyethylene Glycol MW900 

MONTHS 

1 

2-5 

6-9 

10-12 

CATS 

10 

40 

40 

40 

A) preliminary cats and cats 

required to obtain best sacrifice SO 

time 

TOTAL CATS 180 
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Problem Areas 

1) Because of the current high cat usage at LSU Dr. Gonzales, head of animal 

care, can guarantee only 100 cats (6-7#, 6 months old) from Louisiana 

sources. These cats will coat $25.00-$45.00. 80-85 cats/year may have to 

come from commercial sources. Commercial cats will cost about $175.00 

each including shipping charges. Dr. Gonzales states that he will make 

every attempt to supply additional cats (i.e.,) 100) from local sources. If 

he is successful the animal costs will drop dramatically. This will leave 

perhaps $5,000-$10,000 additional monies each year. This money will be 

spent doing additional experiments (See 2 and 4 below). Missile scaling 

problems preclude using smaller test animals. Cats are much more uniform 

test animals than are dogs. 

2) Accurate PS determination - A recent, to be published communication 

from Dr. Ronald Blasberg (NIH) (Theoretical Analysis of Experimental 

Parameters which Influence the Determination of Reliable Transfer 

Constants Across the Blood Brain Barrier from Single Time Experiments, 

by Blasberg RG, Patlak CS, Fenstermacher JD; submitted to 3 Cereb 

Blood Flow Metabol) indicates that a true PS is difficult to obtain from a 

single time point measurement. Thus, we have included 50 extra cats 

during the 03 year to empirically determine the best sampling period for 

the 3 test molecules (i.e., 10, 20, 30 minutes) 

3) PS for the 3 test molecules 03 year (AIBA, 400 MW PEG, 900 MW PEG) - 

Blasberg has determined AIBA PS In the rat, 0.9-2.0 x 10e3m1 min-l gm-I. 

TO my knowledge PS for AIBA and PEG have not been established for the 

cat. We will do this in our control cats. 

4) Vc determinations - The intravascular volume in which the test molecules 

are distributed during the experiment will be the plasma. ln his paper 

Blasberg shows that tissue plasma volume and arterial plasma volume are 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

” 

Refereneer, 

Sturdivan L: Chief, Chemometrics Sciences Section, Edgewood Arsenal, Edgewood 

Md, personal communication relative to WDMET data, US forces in Vietnam; August 

1982. 

Beebe GW, DeBakey ME: Battle Casualties, Springfield, Ill, Charles C. Thomas, 

1952 (p175) 

Ibid (~1’77) 

Maughon TS: An inquiry into the nature of wounds resulting in killed in action in 

Vietnam. Mil Med 13&E-13, 1970 

Beebe GW, DeBakey ME: Battle Casualties, Springfield, HI, Charles C Thomas, 

1952 (pll) 

Cushing H: A study of a series of wounds involving the brain and its enveloping 

structures. Brit J Surg 5:558-084, 1918 

Matson DD: The Treatment of Acute Craniocerebral Injuries Due to Missiles, Spring- 

field, Ill, Charles C Thomas, 1948, p84 

Small JM, Turner EA: A surgical experience of 1200 cases of penetrating brain 

wounds in battle, NW Europe, 1944-45, Brit J Surg (War Surg Suppl 1):62-74, 1947 

Meirowsky AM: Penetrating wounds of the brain, in Meirowsky AM (ed) Neurological 

Surgery of Trauma, Washington DC, Office of the Surgeon General, US Government 

Printing Office, 1965, ~104 

Hammon WM: An analysis of 2187 consecutive penetrating wounds of the brain 

from Vietnam. J Neurosurg 34:127-131, 1971 

Carey ME, Young HP, Mathis JL: The neurosurgical treatment of craniocerebral 

missile wounds in Vietnam. Surg Gynecol Obstet 135:386-390, 1972 

Kocher T: Zur Lehre von den Schusswunden, Bibliotheca Medica, Abtheilung E 

Chirurgie, Cassel, Verlag von Th G Fisher, 1895 

KrUnlein: Uber die Wirkung der Shlldel-hirnschUsse. Beitrage zur Klinischen 

Chirurgie 29:1-23, 1900-1901 
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26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

Y 

Brown PD, Johns LM, Crockard HA, Mullan S: Response LO mannitol following 

experimental cerebral missile injury, in Popp AJ et al teds) Neural Trauma, 

New York, Raven Press, 1979, ~~281-287 

Brown FD, Johns LM, MuUan S: Dimethyl sulfoxide in experimental brain 

injury with comparison to mannitol. J Neurosurg 53:58-62, 1980 

LeBeau J, Bonvallet M: Oedeme aigu du cerveau par lesion du tronc cerebral. 

C R Sot Biol Paris 127:126-130, 1938 

Katzmen R, Pappius HM: Brain Electrolytes and Fluid Metabolism, Baltimore, 

The Williams and Wilkins Co, 1973, ~116 

Rapaport St, Matthews K, Thompson HK: Absense of brain edema after rever- 

sible opening of the blood-brain barrier, in Pappius HM, Feindel W (eds) 

Dynamics of Brain Edema, New York, Springer-Verlag, 1976, Chapter 3 

Pappius HM, Gulati DR: Water and electrolyte content of cerebral tissues in 

experimentally induced edema. Acta Neuropathologica 2:451-460, 1963 

Maxwell RE, Long DM, French LA: The effects of glucosteroids on experi- 

mental cold-induced brain edema. Gross morphological alterations and 

vascular permeability changes. J Neurosurg 34:477-487, 1971 

Herrmann HD, Neuenfeldt D, Dittman J, Palleske H: The influence of dexa- 
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46. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

Y 

Pappius HM: Effects of steroids on cold injury edema in Reulen HJ, 

SchUrmenn K feds) Steroids and Brain Edema, New York, Springer-Verlag, 

1972 

Rudolph AM, Heymann MA: The circulation of the fetus in utero, methods 

for studying distribution of blood flow cardiac output and organ blood flow. 

Circ Res 21:165-190, 1967 

Forsyth RP, Nies AS, Wyler F, Neutze 3, Melmon KL: Normal distribution of 

cardiac output in the unenesthetized, restrained rhesus monkey. J Appl 

Physiol 25:736-741, 1968 

Neutze JM, Wyler F, Rudolph AM: Use of radioactive microspheres to assess 

distribution of cardiac output in rabbits. Am J Physiol 215:486-495, 1968 

Hoffbrand BI, Forsyth RP: Validity studies of the radioactive microsphere 

method for the study of the distribution of cardiac output, organ blood flow 

and resistance in the conscious rhesus monkey, Cardiovasc Res 3:426-432, 

1969 

Wagner HN, Rhodes BA, Sasaki Y, Ryan JP: Studies of the circulation with 

radioactive microspheres. Investigative Radio1 4:374-386, 1969 

Buckberg GD, Luck JC, Payne DB, Hoffman JIE, Archie JP, Fixler DE: Some 

sources of error in measuring regional blood flow with radioactive 

microspheres. J Appl Physiol 31:598-604, 1971 

McDevitt DC, Nies AS: Simultaneous measurement of cardiac output and its 

distribution with microspheres in the rat. Cardiovasc Res 10:494-498, 19’76 

Nishiyame K, Nishiyema A, Frohlick ED: Regional blood flow in 

normotensive and spontaneously hypertensive rats Am J Physiol 230:691-698, 

1976 
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sample microsphere method: cardiac output and blood flows in the conscious 

rat. Am J Physiol 2398 443-449, 1980 

Steen PA, Michenfelder JD: Cerebral protection with barbituates; relation to 

anesthetic effect. Stroke 9:140-142, 1978 
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72. 

73. 

74. 

75. 

76. 

77. 

78. 

1 

Crone C, Lassen NA: Capillary Permeability, New York, Academic PreSs, 

1970 

Blasburg RG: Personal communication, 10 August, 1982 
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eutoradlographic studies of brain edema and a comparison of multi-isotope 

autoradiographic techniques, in Cervos-Navarro J, Ferszt R teds.1 Adv - 
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SIsson WB, Oldendorf WH, Cassen B: Liquid scintillerion counting of 113mln 
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752, 1970 
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Lessen NA feds) Capillary Permeability, Alfred Benzon Symposium II, New 
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Wastergeard E, Go KG, Kletzo I, Spetz M: Increased permeability of cerebral 
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Carpcmter d&earcjz 04kociate.4 
P. 0. nOx 19s 

LDOEWOOD. MABYIAND 21049 

Hovernber 9. 1901 

Michael 5. Carey, W.D. 
Professor 
Department of Neurosurgery 
ISU Yedical Center 
NewOrleans LA 70112 

Good Morning Dr. Carey 
Mr. Sturdfvan has talked to me about your requirment for an Air Gun 

and velocity measuring system for very emall spheres. I have done a lot 
of work Fn this field and I know that we could fabricate the equipment 
that you would need to do the job. The following is an informal quote 
for the job and reflects todays prices. I would not anticipate much higher 
costs in the near future. 

1. Air Gun with Pressure Regulator and barrels for spheres 
from 3& inch to l/a inch. 

$2,000.00 

2. Velwity measuring equipment for these small missiles $2,000.00 

3. Doliver equipment to LSU, install, and instruct personnel 81,500.00 
in proper operation. ( 2 days on sit3 ) 

The backstop for thio gun could consist of several layers of ballistic 
cloth which we would furnish at no additional cnarge. The only thing that 
you would provide would be an operating site and a cylinder of high pressure 
Helium. We would expect that we could give you delivery within 60 days of 
receipt of 4 firm order. 

Sincerely yours 

RkiTef!& 

Y 
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NAME: 

RESIDENCE: 

PROFESSIONAL ADDRESS: 

BORN: 

MARITAL STATUS: 

DEGREES: 

INTERNSHIP: 

RESIDENCY: 

LICENSURE: 

SPECIALTY BOARDS: 

PRIVATE PRACTICE: I 

ARMY: 

FACULTY APPOINTMENTS: 

CURRICULUM VITAE 

Michael Emmett Carey 

[Deleted by GAO.] 

Department of Neurosurgery 
Louisiana State University School of Medicine 
1542 Tulane Avenue 
New Orleans, Louisiana 70112 

[Deleted by GAO.] 

[Deleted by GAO.1 

A.B. - Yale College, New Haven, Connecticut, 1956 
M.D. - Cornell University Medicdi College, N.Y.C, 
M.S. - (Neurosurgery) University of Minnesota, 

Minneapolis, 1970 

P 1960 

University of Minnesota Hospitals, l-7-60 to 30-6-61 
(General Surgery) 

University of Minnesota Hospitals, l-7-61 to 30-6-62 
(General Surgery) 
Vnivereity of Minnesota Hospitals l-7-62 to 30-6-67 
(Neurosurgery) 
Mayo Clinic, Rochester, MUM. l-l-65 to 30-6-65 
Rotation from University of Minnesota 

Connecticut, Louisiana 

American Board of Neurological Surgery, 1970 

Hartford, Connecticut, 1967-1968 

Conmnndinq Officer, 378th Medical Detachment IKE1 
and Chief of Neurosurgery, 312th-91st Evacuation 
Hospitals, Chu Lai, Republic of Vietnam 1968-1969. 
Chief of Neurosurgery, William Beaumont General Hospital, 
El Paso, Texas, 1969-1970 
Colonel, U.S. Army Reserve (MC) 1978 to present 
"A" designation. 

Consultant of Neurosurgery 
University of Connecticut, 1967-1968 

Assistant Professor of Surqery/Neurosurgery, 
Louisiana State Medical Center, 1970-1974. 
Associate Professor of Surgery/Neurosurgery, 
Louisiana State University Medical Center, 1974-1978. 
Professor of Neurosurgery, 
Louisiana State University Medical Center, 1978 to present 
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PUBLICATIONS 

War Neurosurgery 

1. Carey, M.E., Young, H.F., .Yathis, J.L., Forysthe, J.: A 
bacteriological study of craniocerebral missile wounds 
from Vietnam. J Neurosurg 34:145-154, 1971 

2. Carey, U.S., Young, H.F., Mathis, J.L.: The bacterial 
contamination of indriven bone fragments associated with 
craniocerebral missile wounds in Vietnam. Mil Med 135:1161- 
1165, 1970 

3. Carey, M.E., Young, H.F., Mathis, J.L.: The neurosurgical 
treatment of craniocerebral missile wounds in Vietnam. 
Surg Gynec Obatst 135:366-390, 1972. 

4. Carey, U.S., Young, H.F., ;4ath.w, J.L.: The neurosurgical 
treatsnnt of craniocerebral missile wounds in Vietnam. An 
analysis of 224 Vietnamese sustaining brain wounds. The 
Vietnam Military Medical Journal 40:25-36, 1972 

5. Carey, M.E., Young, H.F., MathLs , J.L.: The outcome of 89 
Amricana and 224 Vietnanmse sustaining brain wounds in 
Vietnam. Nil Xed 139:281-284, 1974 

6. Carey, M.E., Young, H.F., Rish, E.L., Mathis, J.L.: Late 
mortality and fmrbidity observed in a group of 102 American 

. soldiers with a brain wound operated upon in Vietnam. 
Neurology (Minn.) 24: , 1974 

7. Carey, M.E., Young, H.F., Rish, B.L., Mathis, J.L.: A follow 
up study of 103 American soldiers who sustained a missile 
wound in Vietnam. J. Neurosurg 41:542-549, 2975 

8. Invited conrmant on paper by: Rish. B.L., Caveness. W.F. 
Dillion, J.D., Kistler, J.P., _: ; et al Analysis of Brain 
Abscees after Penetrating Craniocerebral Injuries in Vietmm 
Neurosurgery 9: 535-541, 1981 

9. Carey, M.E., Sacco, W., Merkler, J.: Analysis of fatal and non 
fatal head wounds incurred during combat in Vietnam by U.S. Forces 

Acta Chir Stand 508: (wound Ballistics Fourth International 
Symporium) 351-256, 1982 

Y 
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PUBLICATIONS 

Physiolaqy 

1. Cdrey, H.E., Void, A.R.: The effect of drteridl hypotension 
upon the rate of cerebrospinal fluid formation in dogs. 
J Nourosurg 41:350-355, 1974 

2. Vela, A.R., Carey, M.E., Thompson, S.M.: Further ddt& on the 
dcute effect of intravenous steroids on canine CSF secretion 

and absorption. J Nourorury 50:477-482, 1979 

3. Roheim, P.S., Carey, M.E., Forte, T., Veqa, G.L.: Apolipoproteinr 
in human cerebrospinal fluid. Proc Net Acad Sci 76:4646-4649; 1979 

4. Cdrey, M.E., Oavson, H., Bradbury, M.W.B.: The affect of 
dcute hypoglycemia upon cerobrospinal fluid production, 
iodide cledrance end brain electrolytes in the rabbit. 
J Neuromrg. 541370-379, 1981 

5. Carey, M.E., Davaon, H., Bradbury, M.W.B.: The effect of acute 
hypoqlycamio upon corebralapinal fluid production, iodide clearance 
and brain electrolytod in the rabbit (with preliminary observations 
on the penetration of fnsulin into CSF) in c-was- Navarro J., 
Fritachka, E., (oda): Cerebral Microcirculation and.Metabolism 
New York Ravm Pram 1981 

6. Dd vson , Ha, Hollinqsworth, J.G., Carey, M.E., 
Fonstormachor, J.D.: Ventriculocisternal perfusion of 
twelve dmin0 acids in the rabbit. 
J Neurobiol 12: 293-318, 1982 
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1. 

2. 

3. 

4. 

5. 

Paperr in Preparation (February 1982) 

Carey, M.E., Young, H.F., P.ish, B.L. Mathis, J.L.: Sequelae 
of brain wounding in Vietnam 

Carey, M.E., Young, H.F., Rish, B.L., Mathis, J.L.: Seizures 
after brain wounding in Vietnam 

Carey, M.E., Sacco, W., Sturdivan, L.: Autopsy and ballistics 
studies on men dying from a brain wound in Vietnam 

Carey, M.E., Tutton, R.: Computer brain scans following a 
brain missile wound 

Carey, M.E., Mortality dSsOciated with brain abscesses at 
Charity Hospital 

Books in Preparation 

War Neurosurgery (for Surqeon General, US Army) 
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Talks Presented 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

Bacteriology of war Wounds: Gary Wratten Symposium, 1970 
Walter Reed Institute of Research, Washington, D-C- 

Bacteriology of war wounds: Congress of Neurological Surgeons, 1970. 

Mortality and Morbidity Associated with Craniocerebral Hissile 
wounds in Vietndm, Gary wrdtten Symposium, 1971. 

Mortality and Morbidity Associated with Craniocerebral Missile 
wounda in Vietnam, Southern Society Of Clinical SUrgeOnS, 1971. 

Mortality and Morbidity Analysis of 91 American soldiers with 
Intracerebtal Wounds : Congress of Neurologic Surgeons, 1971, 

Intermediate Follow up on 89 American Soldiers who sustained 

IntrdCdrdbrdl Missile Wounds in Vietnam. Gary Wratten Surgical 
Symposium. Walter Reed General Hospital, Washington, D.C., 1972. 

Intermediate Follow Up on 89 American Soldiers who Sustained 
Intracerebral Missile Wounds in Vietnam. Congress of Neurological 
Surgeons, Post Convention Meeting, Colorado Springs, Colo., 1972. 

The Effect of Hypovolemfc Hypotension of CerebrOSpindl Fluid 
Formation in the Dog. Association for Academic Surgery, 
New Orleans, La. 1972. 

The Effect of SyStemic Arterial Hypotension Upon the Rdte of 
Cerebrospinal Fluid Production in Dogs. American Association 
Of Neurological Surgeons, Los Angeles, California, April 1973. 

Neurologic Dirabilltles in Brain Injured Soldiers: A Three Year 
Follow Up. AimriCdn Academy of Aphasia. Albuquerque, New Mexico, 
October 1973. 

Late Mortality and Morbidity Observed in a Group of 103 American 
Soldiorr with a Brain Wound Operated Upon in Vietnam. Southern 
Neurosurgical Society, Key Bfscayne, Fla., February, 1974. 

The Influmnce of Several Levels of Hypovolemic Hypotension upon 
the Rate Of CSF Formation in the Dog. American Association 
Of Neurologi c Surgeons, St. Louis, Missouri , April 1974. 

Current Concepts in Cerebral Spinal Fluid Physiology. American 
AdSOCidtiOn of Neurological Surgeons, ,Yiaai, April 1975. 

Head Trauma. American Association of Neurological Surgeons, 
San Francisco, California, April 1976. 

Spinal Cord Injury and Pancreatitis. American Association of 
Neurological SUrgeOnS, San Francisco, California, April 1976. 
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The principal investigator submitted the second proposal to the Army 
Medical Research and Development Command in January 1985. This 
proposal resulted in a second contract, “Experimental Study on a Brain 
Missile Wound; Ascertaining Pathophysiology and Evaluating Treat- 
ments to Lower Mortality and Morbidity.” This contract began on April 
14,1986, and was scheduled to end on September 29, 1991. The fol- 
lowing is the complete second proposal, except for “Budget” and 
“Budget Justification”, which were deleted by the Department of the 
Army. Personal information on the researchers was deleted by GAO. 

SCHOOL OF 
MEDICINE IN NEW ORLEANS 
Louisiana State University 
Medical Center 
1642 Tulrne Avenue 
New Orlranr, LA 70112-2822 
Telephone: (604) 668-6120 

Depwtment of Nw~rosurgely March 11, 1986 

Hr. Al Plum 
Contract Spacialist 
Department of the Army 
U.S. Army Research Acquisition Activity 
Fort Detrick. Frederick 
Maryland 21701-5014 

Dear Mr. Plum: 

Thank you for discussing our upcoming contract RFP-DAMD17-85-R-0016. I accept 
and will abide by the budget modifications stipulated by the DRHS review, ACN: 
06-67615. Our revised budget is for $1.681.773.00 for 5 years. 

I will devote 12.5% to 15% of my time to the project. Dr. Sarna and our other to 
be hired PM will devote 100% of their time to the project. 

Sincerely, 

MEC : eah 

Michael R. Carey, M.b. 
Professor of Neurosurgery 

Sohool of Allied Haalth PV~fs8Bion8 School of Graduate Studii School of Medicine in Shreveport 

school of Dentmty School of Medicine in New Orleans School of Nursing 
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SUMMARY 

Head wounds continue to be the most lethal battle wound accounting for almost half of all com- 

bat deaths. Acute ncurosurglcal mortality of brain wounds was lo-12% in WWII, Korea and also Vict- 

nam. No advances in neurosurgical techniques have occurred in the last 10 years which would be 

expected to reduce head wound mortality further. One need not be fatalistic about brain wounds, 

however. In WWR and Korea one third of men so wounded returned to Army duty. Further reduction 

in mortality and morbidity requires a detailed understanding of the pathophysiology of brain missile 

wounds. 

We have developed an experimental model of brain wounding in the cat using a 30 mg steel 

sphere fired through the skull into the brain. This model gives a graded response to study acute, sub- 

acute and long term physiologic changes. Transient apnea occurs frequently in our model and this is 

often reversible with respiratory support. This has direct relevance to the combat situation. Hemor- 

rhage and its consequences continue to be an important cause of combat mortality. Our studies will 

include cats that remain normotcnsive after wounding and those that sustain one hour of severe hypo- 

tension after being wounded, simulating multiply injured soldiers. 

We will use the most current physiological techniques to study the interrelationships of brain 

energy metabolito, neurotransmittert, cerebral blood flow, blood-brain barrier integrity and the 

behavior of the surviving cats. For drug evaluation we will score the cats’ neurological and behavio- 

ral status both acutely and up to 21 days after wounding. 

OUR PROJ RX IS D PSIGN ED TO STUDY BOTH N RUROLOCICAL AND 

PATHOPHYSIOLOCICAL BASIS OF THE DEFICITS OBSFRV ED FOLLOWING MISSILE WOUNDING. 

THIS SHOULD QUICKLY LPAD TO SOUND PHYSIOLOGIC AND PHARMACOLOGIC METHODS TO 

AMPLIORATEBRAIN DAMAGPCAUSPD BY MISSILPS. 
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lissile wounds took place for US Armv soldiers in the 25 years from WWll to Vietnam desoite optimum 

vacuation and use of well-established neurosurgical techniques. In Vietnam, adjunctive therapy was 

?adily available (antibiotics, bountiful blood replacement, steroids, hyperosmotic agents and respiratory 

lpport) yet mortality from missile wounds of the brain did not improve compared to the 1944-1945 era 

hen antibiotics were first employed. An acute need exists, therefore, for detailed studies on the oatho- 

lysiological effects of a missile wound to the brain in an experimental animal model. Then, more effec- 

ve adjunctive medical therapy can be developed that is specifically designed to sustain and improve brain 
Jnction following a brain wound. This approach offers the best chance to further reduce mortality and 

morbidity associated with a combat-incurred brain wound, 

XPERIMENTAL BACKGROUND 

Under the auspices of Army contract DAMD-17-83-C-3145, we have had about 8 months (19 January 

5 October, 1984) to develop a laboratory model to study the effect of an experimental missile wound to 

IC brain of a cat. (Our experiments were stopped by DOD directives from September 1983 to January 

384 and from 5 October 1984 to 14 January 1985.) Despite these restrictions, we have made significant 

-ogress and are well on our way to fulfilling our 01 year contract goals. These include the following: 

1. We have developed and established a laboratory instrument which can be used to create, for study, 

any types of wounds in laboratory animals. After significant modifications, the helium gun precisely fires 

30mg steel sphere at varying velocities, (Fig. 2) which produces a reproducible wound simulating a frag- 

ent. In our laboratory model the sphere enters the cat’s skull through the frontal bone and deposits 

s residual energy in the brain. We have chosen a frontal-occipital trajectory in the right hemisphere. 

ie missile perforates the frontal cortex, passes subcortically in the parietal area and ends in the occipital 

be (Figs. 3, 4, 7). The track is 1 to 2 centimeters from the brainstem. We have shown that a missile must 

Lve a specific kinetic energy (Ka to penetrate the skull, 0.7 Joules (J) in our model. A non penetrating 

rike at this energy produces a local cerebral contusion, however, and this merits study because it may 

:use a significant neurological deficit. 25. Increasing missile KE above the threshold results in skull and 

.ain penetration and deposits increasing energy within the brain.At low energies, brain damage 
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4. Following wounding we have observed hypertension, bradycardia, raised ICP (Fig. 10) and 

iyperglycemia which is proportional to missile energy, Figs. II, 12. The hyperglycemia presumably re- 

lccts a stress-induced catecholamine response. 30-33 

5. We have observed recovery from a missile wound for 24 hours in 8 cats and for >60 days 

n 2 cats wounded with sterile spheres. The 8 cats observed for 24 hours were purposely sacrificed and 

resumably would have lived as did the 2 long-term cats. One long-term cat was wounded at 0.93 3. 

‘he other at 1.35 J. Our model system clearly gives a graded response: The cat wounded with 1.35 3 of 

ncrgy took longer to awaken than the 0.93 3 animal and exhibited significant left hemiparesis for many 

ays. At 30 days, the 0.93 J cat exhibited only a left field cut, whereas the 1.3s J cat demonstrated a 

?ft field cut, difficulty in arising from his right side, plus a tendency to circle right. Gerbils with 

erebral hemisphere ischemia also circle, probably related to basal ganglion neurotransmitter defi- 

iency34-35. As with wounded humans,25*36 both cats exhibited neurologic improvement with time. By 

9 days both cats showed only left field cuts. 

As perceived earlier by neurosurgeons 37 and neuropsychologists, 
38 missile injury shows “striking 

ifferences from closed head injury I137 in that focal brain damage is added to possible general (brain- 

:emI effects. Our model system appears to simulate the unique features of a human brain wound with 

rest fidelity and, indeed, the occurrence of distant damage away from the missile is a prominent 

nding. 

Surprisingly few experiments on brain missile wounds have been done 39-51. The most recent 

4-51 involved chimpanzees wounded through a trephine opening in the skull. These interesting studies 

ocused very little on brain physiology per E. Furthermore, an unrealistically large missile was used 

110 mg.). In Vietnam, the weight of the average fragment causing a brain wound was 110 mg52. Wound- 

?g the brain through a trephine opening was unphysiologic and negated the effect of increased pres- 

jres caused by the missile penetrating the closed skull. Perhaps this is why apnea was not a prominent 

Y 
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Fig.l:(left & below) Head wounds 

continue to be the most lethal. 

combat wound. 1,3.4 No change in 

combat neurosurgical mortality 

has occurred since WWII. 6,21,22 
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Fig.2: Pressure and velocity versus K.E. 

determinations in modified helium gun. 
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Fig.6: Coronal section with missile 

track. ViwII casualty.*' 

Fig.8: Petechial hemorrhages in 
cerebral cortex adjacent to a 

missile wound. WI1 case.*' 

Fig.7: Sagittal section from our cat 

model showing missile track. Frontal 

entry site to the left. 

Fig.9: Petechial hemorrhages about 

missile track in one of our 

experimental cats. High magnification. 
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HYPOTHESES 

(1) A brain missile wound results in neurological and behavioral deficits which are directly related 

to the energy of deposit. 

(2) An animal that is subject to hemorrhagic hypotension (MABP reduced to 40 mm Hg for 1 hour) 

following a brain missile wound is a valid simulation of the hypovolemic shock observed in many 

brain wounded soldiers. 
* 

(3) The fatal wound energy threshold is lower in animals subject to missile wound and hemorrhagic 

(4) 

(5) 

(6) 

(7) 

(8) 

hypotension. 

Studies of the pathophysiologic status and the neurologic status of missile wounded animals are 

best studied concurrently to obtain sound physiologic and pharmacologic methods to ameliorate 

the effects of brain damage. 

Treatment(s) proposed can be effective in decreasing mortality and morbidity following brain 

missile wounding. 

A number of physiologic functions may serve as indicators of the severity of wounding. The 

glucose response is mediated by a massive sympathetic discharge and may be detrimental. The 

acute hypertension observed following high energy wounding may further increase brain damage 

by causing a breakdown of the blood-brain barrier and allow the entry of substrates into brain 

that would normally not penetrate. 

Brain missile wounding is associated with marked changes in cerebral energy metabolism, 

cerebral blood flow and neurotransmitter systems. These changes will be both focal and distal 

to the main missile track in the brain. 

Repetitive monitoring of physiologic and neurochemical functions in animals up to 21 days post- 

wounding will allow more direct correlations between these functions and the neurological defi- 

cits observed. 

w 
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I. NEUROLOGICAL SI”ATUS 

PLAN OF INV FSTIGATION 

BRAIN MISSTL E INJURY 

(A) NORMOTENSIVE ANIMALS 
(B) HYPOTENSIVE ANIMALS 

(hemorrhaged after injury 
to effect MABP of 40 mmHg) 

To be studied cowmwtly 

(a) Evaluation of mortality 
and morbidity 

I 
N 
T 
E 

(b) Effect of various treatments 
on mortality and morbidity 

(c) The pathophyriological 
consequences of the most 
efficacious treatments 
~111 be studred: 
See Ila, Ilb, Ilc 

II. PATHOPHYSIOLOCX AL STUD1 E5 

(a) Acute physiological 
consequences (6 hours) 

(b) Cerebral trauma: effects on 

(i) Regional cerebral energy 
metabolism 

(ii) Neuro transmitter systems 

(iii) Cerebral blood flow 

(iv) Integrity of the blood- 
brain barrier 

(c) 

(including EEG and behavior) ‘in ani- 
mals kept alive for 21 days. 
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warmed blood, stored in acid-citrate-dextrose primed reservoir, will be reinfused one hour post wounding 

simulate resuscitation. 

EVALUATION OF MORTALITY AND MORBIDITY 

Rationale Our initial experiments will consist of wounding 2 series of untreated cats at several energies. 

We will ascertain 21 day post wounding behavior in all surviving cats and correlate post wounding behavic 

with wound energy. We will also discover whether hemorrhagic hypotension, (MABP UmmHg, I hour) im- 

mediately after a brain wound will be associated with a lower LD5OJ wounding energy. We hypothesire 

that it will. The following experiments will be performed: 

Wound Bergy (J) Wound Energy (J) 

Normotensive 0.7 0.93 1.35 Hypotensive 0.t----I.35 

WC have ascertained that a wound energy of 1.353 kills about 50% of cats, i.e. is the LD5OJ wound 

energy. Surviving animals wounded at 1.35J have significant post-wounding neurologic deficits. 

Neurologic recovery scores of untreated cats wounded at L35J will be crucial and will form the baseline 

recovery data to which wounded and treated cats who survive for 21 days will be compared. Comparisons 

of wounded-untreafed and wounded-treated 21 day recovery scores will largely delineate the efficacy of 

some drugs and treatment. 

Methods Sixteen cats will be studied at each wound energy. Animals will be prepared and wounded in the 

usual fashion except that surgery will be sterile and we will use a sterile pellet for wounding. After 

wounding, we will monitor the animal 4 hours. Then, intravascular catheters will be withdrawn, incisions 

closed, penicillin given (50,00O/kg IM), and the animal allowed to awaken. We will give nursing care and 

fluids, normal saline, pm I.P. 

Data Analysis 

1) Apneic response - Animals are ‘@apneic” if they require respiratory support anytime after wounding. 

The number of apneic animals at each energy will be scored. LD50 wound energy = energy at which 

g/16 animals rquire a respirator. Animals resuming voluntary respirations within 4 hcxlrs will be 

allowed to survive; those that do not will be perfused-fixed for brain histologic examination. 

Y 
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[2] Question of barbiturates interfering with evaluation of results 
because of possible cerebral protection. 

(31 Could affect results. 

[4] [No comment] 

[5] Possibly. Pentobarbital and other [thought unfinished]. 

[6] Overall, anesthetic considerations were rather sloppy. Although for 
the most part, they provided adequate analgesic, their use could have 
affected the data. There is some question about the impact of barbitu- 
rates on data. Initially, PI states he won’t use it, then does. 

Phencyclidine has a wide variety of pharmacologic effects which would 
complicate the data. 

(71 Yes, barbiturates have a “protective” effect on the brain and in some 
institutions and in the clinical setting are used as treatment for head 
injury (in the control of ICP). Therefore, barbiturates are not an ideal 
anesthetic for this project. I am also concerned about the number of 
times the anesthetic technique was changed. This does not make com- 
parisons easy! 

[8] Real concern about the variety of anesthetics. 

Fourth Question: If you were assessing the research at the time it 
was proposed, overall, how would you rate the proposed anesthetic 
controls for this research for their capability to protect the animals 
from pain? 

Sonlewhe: 
Very higt high ..--~ _ 

3 
Neither low 1 

nor high Very low ___.-.- ___-----.. - 
1. X _-.-__.. 
2. X ___..-_-__.. 
3. X 

6. X 
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[7] While I defer to others on the panel with expertise in animal 
medicine, I have grave concerns as to whether or not the animals, espe- 
cially in the postop[erative care] period, experienced pain to their head 
wounds, raised ICP (which does cause headaches-ask anyone with 
pseudotumor cerebri [a syndrome of increased ICP associated with 
normal or small cerebral ventricles]) and [pain in] their wound sites for 
catheter placements. 

[8] [No comment] 

Second Question: In the research completed to date, have adequate 
medications been used to protect the animals from pain during the 
post-operative recovery period? 

[ 1] [No comment] 

[2] [No comment] 

(31 Question was any requested-apparently not. 

[4] [Respondent referenced his or her next answer.] I believe the anes- 
thetic regimen(s) is unclear, as is the post-op analgesia and post-op care 
aspects of this proposal. Why use three different anesthetics? How will 
these alter data interpretation? How can one study using one anesthetic 
be compared to another using a different anesthetic? Even though this is 
probably not a painful procedure, it is important for the PI to indicate 
how he will monitor for pain, and what will he do if pain is apparent. 
Which analgesia will be utilized? When and under which conditions will 
the animals be euthanized because of pain? These questions need to be 
dealt with in the body of the text. 

(61 Given expectations from human cases, pain would have been a minor 
problem. Cannot evaluate how pain problems were handled from mate- 
rial provided. 

[6] [Respondent referenced his or her previous answer.] The postopera- 
tive management of chronic animals was unclear with respect to provi- 
sion for animals’ pain postoperatively. If analgesic would interfere with 
science and could not be provided, a justification to that effect would 
have been helpful. Furthermore, some endpoint should have been pro- 
vided so as not to withhold analgesics indefinitely if they were 
indicated. 
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of ICP). Therefore, barbiturates are not an ideal anesthetic for this pro- 
ject, I am also concerned about the number of times the anesthetic tech- 
nique was changed. This does not make comparisons easy! 

[8] Anesthetics are a problem: (1) variables and (2) unknown effect of 
anesthetics. 
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[8] [No comment] 

V. Investigators/ 
Equipment 

A. Research as Proposed First, Question: Based on the curricula vitae contained in the pro- 
posals, did the research team have the qualifications needed to do 
the research as proposed? 

[ 1) Although the qualifications of all involved appear adequate to con- 
duct the proposed research, there is one concern regarding the overall 
low productivity of the group. Recent manuscripts sent to the Journal of 
Neurosurgery are viewed as encouraging. 

[2] Limited publications in this field prior to beginning the research. 
Since the research has begun, the output of papers remains very low. 

[3] Yes. Productivity of all researchers in past few years has been 
limited. 

[4] This group has the qualifications to perform this research. However, 
I am concerned about the relatively poor productivity, especially of the 
PI. There are few publications from this group concerning this work, 
and I do not see that changing in the near future. I am pleased that he 
does have three papers in press now in Journal of Neurosurgery. This is 
helpful. 

[5] In general, the team had good credentials but have not published as 
much as typically active investigators since this project began. 

The persons doing the experiments (Sarna, Tortabi, Soblosky) [Sentence 
unfinished]. 

[6] Appears yes. 

[7] This, to be sure, is a loaded question. As discussed at the meeting, it is 
interesting to note that the curricula vitae after the project started are 
more of a concern! 
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Third Question: If you were assessing the research at the time it 
was proposed, overall, how would you rate the qualifications of the 
research team to do the proposed research? 

5 Sonlewha~ 
3 

Neither low 1 
Very high high nor high very low 

1. X 

2. X 

3. X 

4. X 

6. X 

7. X 

8. X 

[l] [No comment] 

[Z] [No comment] 

[ 31 [No comment] 

[4] [No comment] 

(51 [No comment] 

[6] [No comment] 

[7] [No comment] 

[8] [No comment] 
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the group. Recent manuscripts sent to the Journal of Neurosurgery are 
viewed as encouraging. 

[2] Adequate, but not outstanding. 

[3] Yes. 

(41 [No comment] 

[5] Yes. 

[6] Yes. But all members’ CVs who did work [were] not provided. 

Investigators have not published much in recent years, CVs on 
Dr. McKowen and J. Bryan Farrell should have been included (or else a 
statement provided about their respective training for this project). 

[7] [Respondent referenced his or her previous answer.] This, to be sure, 
is a loaded question. As discussed at the meeting, it is interesting to note 
that the curricula vitae after the project started are more of a concern! 

[S] [No comment] 

Second Question: Based on the information provided by the facili- 
ties and equipment display boards made available during the expert 
panel’s meeting, did the research team have the facilities and equip- 
ment needed to do the research completed to date? 

[l] [No comment] 

[2] Yes. 

[3] Yes. 

[4] [No comment] 

[5] Yes. 

[6] Yes. 

[7] [Respondent referenced his or her previous answer.] From the pic- 
tures and lists available, it appears that the facilities and equipment are 
adequate. 
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(51 The facilities appear adequate and appropriate to do most of the 
work. MR [magnetic resonance] is missing and would be a valuable 
addition. 

(61 Yes. 

[7] [Respondent referenced his or her previous answer.] From the pic- 
tures and lists available, it appears that the facilities and equipment are 
adequate. 

[8] [No comment] 

Fifth Question: Overall, how would you rate the research team’s 
qualifications to do the research completed to date? 

5 
Very high 

3 2 
Nei;g;l;; Somewhat 1 

low very low 

..-~ 
2. X 
3. X 
4. X 
5. X 

6. X 
7. X 
8. X 

[l] [No comment] 

[2] [No comment] 

[3] [No comment] 

[4] Here, I am concerned with the lack of productivity of these investiga- 
tors. However, my fears are somewhat alleviated by the fact that there 
are several, (3) manuscripts in press in Journal of Neurosurgery. 

[ 5) [No comment] 
Y 

[6] [No comment] 

[7] [No comment] 
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Seventh Question: Overall, how would you rate the adequacy of the 
research team’s facilities and equipment to do all of the research 
currently planned? 

” 3 2 
5 Somewh*i Neither low Somewhat 1 

Very high high nor high low Very low ---.- 
1. X --_---.-___ ----___ 
2. X 

3. X 

4. X 

5. X 

6. x - 

[l] [No comment] 

[ 2) [No comment] 

[3] [No comment] 

[4] [No comment] 

[ 51 [No comment] 

[6] [No comment] 

[7] [No comment] 

[8) [No comment] 
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[2] Is it necessary to have a separate model of missile injury? Cannot we 
learn as much from a closed head injury model since the brain has a 
limited means of response? It is probably not likely that pharmacologic 
treatment of GSW will differ from other types of head injury. 

The low level of productivity is unsettling in reviewing this program. 
The recent subpJission of articles to the journals is encouraging. 

The number of animals requested is not adequately justified. They strike 
this reviewer as too high a number for the experimental design. Statis- 
tical input would improve the program and the need for the animal 
numbers. 

Trials of drugs should include some dose responses in order to establish 
specificity. 

[3] [What were the] expectations of Army R[esearch) & D[evelopment] 
regarding project. Question open-ended or performance benchmarks. 
Question monitoring of contract. 

Productivity of research group-less than stellar. 

This is a very important project. Funding should continue. Productivity 
should be stimulated. 

Question adequacy of peer review initially. Question relevant [thought 
not completed]. 

[4] I think this is an important area of research, and I believe work such 
as this needs to be done. However, I remain relatively unimpressed with 
this group of investigators, particularly in their publications and general 
productivity over the past years. Very few of their publications are 
directly applicable to the scientific aspects of this research. And there 
are only a few publications here at all in recent years. It is fair to say 
that up until now, this laboratory has not been a hotbed of activity and, 
although much data are presented, there are few publications so far to 
their credit. 

[5] One issue of importance is the relative lack of published material by 
the research team since the project began. The reports of the work done 
on the project to date have been limited to presentations at meetings and 
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VII. Overall 
Assessment 

First Question: Does the research, either as proposed or completed 
to date, provide new and valuable information about the treatment 
of penetrating brain wounds? 

[l] The research completed to date does provide new information on pen- 
etrating brain wounds. ESSentidly, to date, an animal model has been 
developed and the pathophysiological sequelae of injury in this model 
have been described. The nature of the lesion and attendant changes in 
intracranial pressure and cerebral blood flow have been described. Also 
impaired vascular physiological reactivity and autoregulatory changes 
have been noted and, as such, have been linked to the injured-brain’s 
increased vulnerability to secondary insult (hypotension). Overall, many 
of the above-described findings parallel observations made in other 
experimental situations considering brain injury in nonmissile injury. 
Thus, although the findings of this study are not revolutionary, they do 
provide data for an area which has not been previously investigated in 
comprehensive fashion. Additionally, information of this nature is 
essential for the development and study of the proposed treatment 
strategies. 

[2] This cannot be answered based on data thus far because only the 
first phase of the program -the development of the model-has been 
done. Since this is the only model being utilized today, it may yield infor- 
mation on treatment. 

To achieve these ends the level of productivity must be increased. 

The hypotheses (p.19) [see app. II, hypotheses from second contract pro- 
posal, p, 1211 do not define the goals for the specific treatment para- 
digms. The approach proposed is really based on the general ideas about 
closed head injury and ischemia and not specific to GSW. From review 
of material submitted, it is not clear how GSWs specifically might cause 
free radical changes, excitotoxicity. This would be appropriately part of 
the stated hypotheses. 

[3] The lab is unique. 

Research completed to date has made two valuable contributions: (1) 
developed and characterized a model for ballistic penetrating injury and 
(2) provided additional detail on the acute changes following injury, 
including apnea, autoregulation of CO,, and hypoxemia responses. He 
has provided a more complete understanding of the ballistics and tissue 
responses. 
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[7] I do not feel that new information has come to light to date. The 
Crockard data has addressed many of these issues. Clinical papers by 
Becker et al. have addressed other of the issues. 

The bottom line is, after reading the results of the experiments, has it 
changed my practice of neurosurgery in the case of gunshot wounds to 
the head, and the answer is “no.“’ I do not believe it would change the 
practice of other neurosurgeons “on the front lines,” and I must say that 
I seriously doubt that most neurosurgeons reading this report would 
respond any differently to this question than I have. 

[8] Yes. I learned a great deal about penetrating injuries-lack of edema, 
low ICP unless there is hemorrhaging, loss of autoregulation. Penetrating 
injury is different from blunt trauma. 

Second Question: Does the research, either as proposed or com- 
pleted to date, duplicate existing research on this subject? 

[l] [Respondent referenced his or her previous answer.] The research 
completed to date does provide new information on penetrating brain 
wounds. Essentially, to date, an animal model has been developed and 
the pathophysiological sequelae of injury in this model have been 
described. The nature of the lesion and attendant changes in intracranial 
pressure and cerebral blood flow have been described. Also impaired 
vascular physiological reactivity and autoregulatory changes have been 
noted and, as such, have been linked to the injured-brain’s increased vul- 
nerability to secondary insult (hypotension). Overall, many of the 
above-described findings parallel observations made in other experi- 
mental situations considering brain injury in nonmissile injury. Thus, 
although the findings of this study are not revolutionary, they do pro- 
vide data for an area which has not been previously investigated in com- 
prehensive fashion. 

Additionally, information of this nature is essential for the development 
and study of the proposed treatment strategies. 

This research does replicate some features previously explored in dif- 
ferent models of experimental brain injury; however, in the field of pen- 
etrating brain wounds, this investigation must be considered unique. At 
present, no other group in the nation is conducting such studies and, as 
we are becoming an increasingly violent society with increased incidence 
of trauma to the brain, the need for such studies becomes all the more 
apparent. 
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the head and the answer is “no.” I do not believe it would change the 
practice of other neurosurgeons “on the front lines,” and I must say that 
I seriously doubt that most neurosurgeons reading this report would 
respond any differently to this question than I have. 

[8] He has added considerable information to the Crockard study. The 
evolution of mechanical and ischemic injury-autoregulation. 

Third Question: Does the research completed to date conform to the 
research proposals? If there have been changes, is the degree of 
change greater or less than that which might be expected to occur 
in research of this duration? Explain any significant changes and 
assess whether they enhanced or impaired the usefulness of the 
research in developing a treatment for penetrating brain wounds. 

[l] In general, the research completed to date conforms to that originally 
proposed; yet there have been substantive changes in some of the exper- 
imental strategies. These changes are consistent with those seen in any 
developing research program and do not necessarily detract from the 
usefulness of the research. Given the format in which this reviewer 
noted these changes, some confusion did result and the logic of various 
approaches was initially unclear. However, after rereading the reports 
as well as that data provided at the meeting, the rationale and focus of 
these research projects became clear. Simply stated it appears that 
various metabolic aspects of the application have been abandoned, with 
greater emphasis on cerebral blood flow as determined through the use 
of microspheres. The approaches appear valid and are consistent with 
the long-range goal of developing effective treatments. 

(21 This does not seem to be a critical issue. All research responds to the 
data acquired. The changes noted are appropriate and important to 
make maximum use of this model. 

[3] There have been substantial changes in the research methodology. 
The changes have generally improved the project. Greater detail is pro- 
vided in the research reports than in the methods proposed. Most of the 
methods in the original proposal were very superficial and brief. It 
seems that the projects have been carried out with adequate detail. 
Anesthesia variability and choice of anesthesia remain a potential 
problem. 

[4] The research proposals and the work that has been completed do not 
necessarily perfectly match. This is to be expected with any research 
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Drug testing, while discussed in both protocols, to date (as seen in the 
information available for review) has not been done. 

No publication of the results in a peer-reviewed journal has occurred to 
date, although we are told some data is soon to be published. It should 
be kept in mind that the project has been ongoing for 6 years, and one 
would think that some work would have already been published. 

[8] The changes are expected and desirable. 

Fourth Question: Does any of the research completed to date have 
immediate applicability to humans with penetrating brain wounds? 

[l] In my opinion, little of the research completed to date has immediate 
applicability to humans with penetrating injuries. The widely noted 
finding of traumatically induced apnea does not appear particularly 
novel and, indeed, some caution should be exercised when translating 
these findings in cat[s] to humans sustaining brain wounds. The pro- 
posed drug treatment strategies offer the most promise for brain- 
wounded humans. However, until these drug studies are brought to clo- ,, 
sure, no comment can be made regarding their applicability to humans. 

[2] Not as yet since no treatment trials have been completed. The poten- 
tial is there but not yet realized. 

[3] The research improves our understanding of what happens in the 
brain after ballistic injury. This greater understanding does not present 
an opportunity for a radical new approach, but does allow for more sen- 
sitive modulation of existing therapies for individual cases. 

The current doctrine of Combat Casualty Care Course (C,) could be 
changed to further emphasize the immediate airway management in 
head-injured battle casualties. 

[4] I believe that much of the work that is to be done in the future has 
more applicability than that which has been done up until now. When 
the drugs are studied, they may lead to more applicability aspects. Up 
until now, the PI showed alterations in cerebral reactivity to perfusion 
pressure, CO,, and 0,. This may be applicable from the point of view of 
hypotension, combined with the injury, so that it is clear that the person 
with a missile injury of the brain needs to have his blood pressure sup- 
ported. There is also the idea of missile-induced apnea, which, although 
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characterizing autoregulation and the response of the GSW injured brain 
to CO, and 0, variations. 

The planned research on the effect of various drugs is important and 
may identify effects with application to certain ranges of injury. 

[4] I believe there are several aspects of the research presented here 
which are new. One involves the autoregulatory characteristics of the 
cerebral circulation. The PI showed that the brain limited its ability to 
autoregulate. He also showed that the responsivity of the cerebral circu- 
lation to changes in pC0, and p0, is also limited following missile injury. 
Thus three aspects of cerebral physiology (autoregulation, CO,, and 0,) 
were examined in this brain-injury model system. This information is 
new with this model. I would have preferred to see these physiological 
control mechanisms examined at several different times following injury 
rather than only at one time interval. 

[6] The loss of autoregulatory blood flow and depressant effects of 0, on 
brain blood flow with penetrating wounds of the brain are new or at 
least not mentioned in therapeutic discussions. 

[6] (1) That brain missile wounding was associated with large increases 
in prostaglandin in CSF. 

(2) Neurologic deficit in animal model did not correlate with presence of 
cerebral edema. 

(3) Respiratory support immediately following brain wounding appears 
to be a major factor in survivability. 

(4) Reperfusion following brain injury may be the wrong thing to do. 

(5) Rising hematocrit following brain wounding. 

(6) Missile wounding of brain can induce neurogenic pulmonary edema. 

(7) Missile wounding precipitates local cerebral blood flow increase. 

[7] This is a very difficult question to answer. There are no clinically 
relevant new data. However, since this is, to my knowledge, the only 
existing missile model in the cat, one must say that in that regard the 
results are “new” with respect to feline head injury. 
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Sixth Question (b): At the time the research was initially proposed, 
if you were on a peer review panel considering whether to fund the 
research, considering the information iu the (1) researcher’s final 
report on work completed under the first proposal and (2) second 
proposal, how likely would you have been to recommend that the 
second research proposal be funded? 

1. 

4 2 1 

Very like,; 
Somewhat 

likely Undecided 
Somewhat 

unlikely 
Highly 

unlikely 
X 

2. X 
3. X 
4. X 

7. X 
8. X 

[l] [No comment] 

[ 2) [No comment] 

[3] Very important to continue funding. 

[4] There’s some hesitation only because I prefer a proposal that is more 
mechanistic and detailed in nature, rather than a “shotgun’‘-type 
approach to an assortment of drug treatments. The hypotheses were not 
tightly outlined, and no mechanisms of action were specified. 

[5] Between somewhat likely and undecided. 

[6] [No comment] 

[7] [No comment] 

[8] [No comment] 
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for a contract to tun from 1986 and 1991. Included also were the three annual 

reports covering July 1983 to June 1984, and April 14,1986 to April 13.1987 amd 

April 14,1987 to April 13,1988, and the final report of the Srst contract covering 

July 1983 to December 1985. The Chairman also received reokicted material that 

had not been approved for public release, which consieted of au annual report dated 

April 1989 covering April 15,1987 to April 14,1988. In addition, diagrams of the 

research program were included, a new list of proposed treatment drugs to be used, 

and the cuniculum vitae of Dr. Michael Carey, Dr. Gurcharan Singh Sama, 

Dr. Dan Torbati, and Dr. Joseph Soblosky. In addition, we received abstiacto and a 

paper to be published in the Journal of Neurosurgery. 

Also in early June, a list of the questions that the GAO office felt might be 

relevant were sent to Dr. Jane. These research questions covered in general the 

research goals end the hypothesis, the experimental model to be used, animal care, 

anesthetic controls. the investigators, and the facilities. 

The panel met on June 19.1989, from lo:30 am to 6:00 pm. The questions 

that caa oeen sent 111 eariy June WTB WXW,XU’C modified, but the list of questions 

that we were given was meant to serve as a guideline, but not to restrict the 

discussion in any way. The GAO had developed these questions for our use after 

review of the specific requirements under each contract and the expected items to 

be delivered under the contracts. GAO had also reviewed with Dr. Carey both 

contracts, the progress reports. the annual reports, and the final reports for each. 

They had, in addition, looked at the monitoring activities by the Army and the 

various medical research databases concerning the use of cats for brain/head 

wounds. They had discussions with the U.S. Army officials responsible for 

administering the two contracts. They also reviewed the criticism of Dr. Carey’s 

work that had been made by animal rights groups. The penal felt that the 

questions formed a useful framework for discussing Dr. Carey’s proposals. 
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Brain-Wound Research Project 

4 
Buttability of tbs experimental model for tbe mrcuch complet& to data: 

Rated 4.1. 

Qrullty of the propoled cam for l nfrmlr *, be wed in the maear& 

R&d 3.75. 

Quality of care given to tho w~imalr used in the maearch completed to datez 

Rated 3.75. 

Awrthetio cootrolr for thir mrrarch. as proposed, for their capability to protect the 
animals from pain: 

Rated 3.0. 

Anesthetic controls used in the mrearch completed to date for their capability to pmtec?t 
tbs animals fmm pain: 

Rated 4.0. 

Qualiflcatiozu of the mraarcb team to do the propored mmuchz 

Rated 3.37. 

Adequacy of the research tea&r fecilitier and equipment to do the proposed mrearch! 

Rated 4.25. 

Reraaroh team’r qrulification~ to do the research completed to date: 

Rated 3.6. 

Research team’s qualificntionr to do all of the research currently planned: 

Rated 3.6. 

Rareucb team’s facilities and equipment to do the research completed to date: 

Ratad 4.5. 

Adequacy of the research team’s facilities and equipment to do all of the mseuch 
currently planned: 

Rated 4.37. 

Considering only the iaforamtion in the msearcher’r flmt proposal, how likely would you 
beve been to mcommsnd that tho Ant research proposal be funded: 

Rated 3.75. 
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Report From GAO’s Medical Panel on 
Brain-Wound Research Project 

6 

2. Experimental Model 

The model wee deemed to be unique end suitable for the inveetigatiom that 

we being undertaken. To the best of the panel’s knowledge, no other group has 

developed such a model or studied and characterized it 80 extensively while 

purming therapeutic strategies aimed at improving outcome of brain injury ae is 

being done at LSU. On the other hand, one panel member said that it would be 

unueual for any two in8titutione to uee the came model anyway and that in the 

1970s at the Univerrity of Chicago, there wee another model used by Crockard and 

Mullan. 

8. Animal Care 

The panel relied upon the AAALAC accreditation of LSU in order to conclude 

that care war adequate. See page 14(25-27) for additional comment. 

Postoperative Care 

Long-term poetoperative cere in the first proposal wae not addreseed becauee 

the cats were only to live for a six-hour period atIer the procedure. However, “in the 

second proposal, the postinsult life of the cat wae extended to 21 daye. The panel 

recognized that adequate postoperative care is important and expreesed concern 

that the protocol for postoperative care for the chronic surviving animals wa8 not 

fully explicated. Based on the information provided, the panel could not judge the 

adequacy of the postoperative care procedures. Nonetheless, as assured by our chief 

consultant on the care of animals. he has more than adequately met the 8tmhrd8. 

4. Anesthetic Controls 

There wae no concern that the animals might suffer during the wounding 

itself. Further the brain has no nerve endings per ee and does not sutfer pain 

postoperatively. The incisions are treated topically with lidoceine ointment for the 

adequate relief of pain. One reviewer commented that, although it is true that the 

brain has no pain fibers, that the skin, periosteum, and dura can appreciate pain 
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cxiticd, aad the diecueeion warn open and frank and that their conchion wae that 

the work waa well worthwhile. 

Ane~thetlOl: The panel expert on anerthetic8 felt that the foJ.Iowing 

concemr voiced by the panel membrra were eimiler, but that, in bie opinion, they 

did not obviate the overall importance of the proporal. 

1. 

1. 

3. 

4. 

6. 

6. 

7. 

0. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

Y 

Anrethrtic~ are 1 problem. vulrblr, unknown e&t of anrrthrtic4 

Quartion of barbiturate1 interfering with evaluation of re4ult~ brcau of poreiblr wmbrnl 
prowon. 

Bocw~r of the vmidlon in aneethotic~ ueed eome quretion muet be mired u to how thh 
dfwu NlultI. 

The vericty of anesthetics and their poeeible interaction dew rain4 4rveral pmblrmr. 
Spwifhlly, the UM ofmultiplr apntr could complicate data analysis. Tbir &u&on ehould 
rquire more con~idrretion for more con&ent form6 of aneetherir use. 

Animal manqrment and anerthrria d&ail information is mirsing in thr propoul. 

It ie unclear about which anesthetic in which dose wee used in oath animal. The preeent 
anrethetic protocol with cati (Torbati) with pentobarb. l ppeare OK Iiowowr, within theso 
protocol, brevital, pentoberb. end ieoflumnr are discweed u being utilized. 

All aneclthetic~ mny 4ffect oukomr from neural injury. This ir a diff5cult queetion: however, 
rho PI should have dealt with thir potential problem in the tut of the propoml. 

Anerthctic regimdr) ir unclur u ie the poetop malgeeic md poetop care upect~ of thi4 
proporal. 

Anerthctic contmle - poor rrwnie, not explained, difTerent drugs could affect reeulta of the 
rrrurch. 

An4sthsn4 verlability 4nd choicer of enerthe4i4 ramein e potantial problem. 

Records for oprrative.poatoperative care don’t ollcw for evaluation. Anrrthetic pmtoaole 
were inconriaenr md appear to differ. Portop management wu quertianlble duo to who 
monitored and when. 

Annthwir verleblllty may interf4n with the &u. 

Anerth4tic control4 poorly draribed. 

Concern about tbr enrethetlc control4 and the typo of anoathetic4 uerd. Berbiturstoe have l 
“protective” effect on the bram end could affect the reeultr of the study. Alro, concm about 
the number of timer that the mosthrtic wo4 changed during thr l xprrimcmto. 

tierchetic control4 or lack thereof could pomibly affect research roe&~. 

GAO Note: See app. V for the detailed comments of each panel member. 
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I. 

2. 

3. 

4. 

6. 

6. 

I. 

0. 

10 

Lotv hd of PtvdaHvity: 

Low production. 

The low lsvsl of pmductivity is unsettling in r&owing this pmgmm. 

LA& ofpublished dAtA is disquieting. 

Tbero is some concern regArdnip the ovemll low productivity of the group, remnt 
mlnuscriptr #ant to the Journal of Neumrurpry Are viewed AI encoursging. 

Poor pmductian of tke group is A problrm. 

Productivity of the group wm less thin stellar. 

No evaluation of drugs, And this WLI the mnin point of the study. No publishrd &t~ on 
study AI of yet. 

OverAll concam is that the contrAct is not being followed And tbrt the drug biting hu not 
besn Iurtsd or completed. Also no publication of test results is A problem. 

Study Results: 

Apnea hru, barn long noted in gunshot wounds. 

It is probably not likely thrt phArmAcologic trcutment of GSW will differ from other types of 
heAd injury. 

ObIervAr.ionI on ApneA Are not new but certainly deserved. especially since they M not 
widely AppreciAud. One reviewer commented that one of thr first obIervAti4nI On APnsA 
contributing to morbidity And mortality in gunshot wounds of the haAd WA1 mAdc by Horsley 
in 1894 And published in NAture of that yeAr. Currently, the Advanced traumA life rupport 
cours41 emphAIise protaction of Airway And intubation if necerrrry on rll heAd injured 
victims. ‘l’brt reviewer. therefore, felt thAt the detrimIntA1 effect of ApneA an pAtientI WA1 
well known, The mat of thr reviewan believe that old infonnatlon is often rediscovered in 
new situAtionI And in new WAYI And that this p~ticulu observAtion that bullet wounds to 
the head might be pm’ticulrrly prone to apnea wu important and that ‘%&afield Apnea” 
might wall bs of IigniflcsncedAnd know 

The likelihood of full nourologicAl recovsry seems rsmote. 

Re~ultr of study to data -- intoresting but not unique. 

Although the findinp of thir study Are not revolutionAry, th9 do providr dAtA for ~1 uu 
which ~AI not been previously investigated in I comprehensive hahion. 

It AppeArI thAt vlrious metabolic up4ccs of the Appliution hAv1 bssn AbAndoned, with 
grrAter empbAa1 on CBF as determined through the us4 ofmicrospheres. The AppmAcb 
Appear8 vAlid And is consistant with the long rsnge goel of developing effsztive trOAtmIMI. 
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4. 

1. 

6. 

7. 

8. 

Y 

12 

‘I% ia l did tmdrl of brain (misdla wury) which may oocur on thr b&h field. No wurv 

ia poff@ot. ‘IMa ono ia net &her. but I b&w it ir tho boat kind of mod01 to dm&ti 

httlatiold injuy wabblo. 

'MI rowarch can ba dono only tn animals. hero uo no other albmaivr tecbniquor 

l vllitilo which could giw tho umo data. Ah~olutaly not. Tho cat is an rppropria~ modol 

for this study. There is much work in the literaturr already in cata and in othor hord injury 

UlOdOlC. 

Inrofa~ u any mcdrl todng animal& ia trurxfor~ablo to humans. 80 ia tbir ono. 

Voy impro#Bivo facilities; ho our do tho l xprrimrnti outlined. I h~vo visited tho 

Iaboratorior and I mu& rsy tho ~puo and oquipmont rewurco* M adequate ta perform 

thus rtudios. E~untially all of tho l quipmont nrcorrary to complete thoao studios ir 

l vahblo on rit4. 

I tklnk thil ir an important area of resrarch and I baliovo work such as this nwdr to be done. 

I beliow thir proposal door provide now and important information about tho treumont of 

ponrtrating brain woundI. Fist, it has provided a mod.1 for futurr um that ie a conrirtant 

qndrd modal of mi&lo injury. Tho urlior work dono in thir protocol doer add ta the body of 

literature in this area. i.o., odrmr ir not an early pmblom, lack of all irregular CO2 and 02 

rorponles of thr corobral circulation. The protocol till rrprorontr a promirrory noto-typo 

Itudy, rinco much or ail ofthe work rrgarding uso of pharmacological agentr remain1 still to 

be dono. It ir likely that new information, poritivr and/or negative. regarding the us&lnrrr 

of them agents will comr from these experiments. I ruppow thrrt the major rccomplirhment 

to datr in that tho PI hu dovrloped a madol of mirrilr injury and ir now ready ta uu the 

mod.1 for a varirty of tmatment modalities. (This i# l imtially the only laboratory in the 

world working in this area). Wbilo them hns born lamr pnviour work done in thir area over 

the yoan. no othrr laboratory ir tiivo at this time. Thur. tho work dors not mpruont 

duplication of pmviour work in the orea and. basically, there ii no competition with other 

laboratario~ at thir time. 
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28. 

17. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

14 

‘Ph. PI bu developed a working model from which a11 conhmpomry tmatmmt :tratagioa enn 

bocmd 

k LBU II M MALAC aeereditod fncility, I fool confident that the animale were wall cared 

for. In a telephone converution I had with the Chainnan of their Animal of Care and Use 

Committee, I was impmraed by his candor on this aubjoet. He told me that Dr. Carey went 

out ofhis wry to enplaIn hie research and answer gll concern4 of the Animal Care and Use 

Committee mombore. Tko Committeo was quite comfortable, in hi4 words, with & of hi4 

udmd cue and w activitirr. 

DUO *I tho fat that LSU ir an AMLAC rcrediiad facility, I assume that the vetarinarim 

*upport staff uo l doquauly trained to promote care. 

LSU has an as:um~m on file with the NW OfIke for tho Protection for Research Ftisks 

(OPRR) uui is both MALAC accredited and in good etandii. ‘Phi4 aseurance stata that 

tho attending votarinarian worse44 animal cam and use. I, therefore, assume ancillary 

porronnel l ro rdoquamly trained. 

The orwntial point I4 that this research ha4 developed L model for penetrating head wounds 

aftbo brain. 

Tho work hre led to bettor undoratanding of the dynamic4 of the penetrating brain wound 

and porrible wry: to enhance therapy. 

Its greateet powntirl for treatment improvement is the means it givea to systematically 

ov4lurw my existing and propoeed therapeutic action. 

The hypothewa are broadly &ted and do not fall into a traditional NIH format; however, 

they do appear coneietent with the mate-of-the-art of thie pwticuhr field. 

Thr choice of all thorrprutic rtramgies appears baled on contemporay thought. 

The quabKcationr of ali involved Ippoar rdequrra w conduct tbo propoeed rerearch. 

Tho roararch completed to date does provide new information on penetrating brain wounds. 

E~renti~lly, to date, an anima1 model hae been dovelopod in the pathophysiologicai scquelae 

ofinjury in this model heve been described. 
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Appendix VII 

Veterinary Anesthesiologists GAO Consdted 

We consulted the following board-certified veterinary anesthesiologists, 
who are currently involved in research at state universities: 

Dr. Richard M. Bednarski, DVM, MS 
Assistant Professor of Anesthesiology 
College of Veterinary Medicine 
Ohio State University 
Columbus, Ohio 

Dr. Steve C. Haskins, DVM, MS 
Professor of Anesthesiology and Intensive Care 
School of Veterinary Medicine 
University of California 
Davis, California 

Dr. Donald C. Sawyer, DVM, MS 
Professor of Anesthesia 
Adjunct Professor of Pharmacology and Toxicology 
College of Veterinary Medicine 
Michigan State University 
East Lansing, Michigan 

Dr. Lawrence R. Soma, VMD 
Professor of Anesthesia and Clinical Pharmacology 
School of Veterinary Medicine 
University of Pennsylvania 
Kennett Square, Pennsylvania 

Dr. Cynthia M. Trim, MRCVS, DACVA, BVSC 

Professor of Anesthesiology 
College of Veterinary Medicine 
University of Georgia 
Joint Appointment: Department of Physiology and Pharmacology 
Athens, Georgia 
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Bibliography of Anesthesia Articles 
Provided by L9U 

Ischemia and 
Pentobarbital 

Saunders, M.L., and others. “The Effects of Graded Experimental 
Trauma on Cerebral Blood Flow and Responsiveness to CO,.” Journal of 
Neurosurgery, Vol. 51 (July 1979), pp. 18-26. [Anesthesia maintained 
with nitrous oxide.] 

Jennett, S., L.H. Pitts, and J.B. North. “Rapid Cerebral Vasodilatation in 
Brief Hypoxia in Anaesthetized Animals.” Quarterly Journal of Experi- 
mental Physiology, Vol. 66 (1981), pp, 447-63. 

Shapiro, H.M. “Intracranial Hypertension: Therapeutic and Anesthetic 
Consideration.” Anesthesiology, Vol. 43 (Oct. 1975), pp. 445-71. [This 
article is about humans.] 

Weber, M. Furuse, M. Brock, and H. Dietz. “The Single Dye Passage. A 
New Technique for the Study of Cerebral Blood Flow Distribution.” 
Stroke (Mar.-Apr. 1974), pp. 247-5 1. 

Zee, CM., and K. Shapiro. “The Origin of CSF Pulse Waves.” In 
Intracranial Pressure VII, J.T. Hoff and A.L. Betz, eds. Berlin, Heidel- 
berg: Springer-Verlag, 1989, pp. 164-65. 

Kontos, H.A., and others. “Responses of Cerebral Arteries and Arterioles 
to Acute Hypotension and Hypertension.” American Journal of Physi- 
ology, Vol. 234 (1978), pp. H371-83, or American Journal of Physiology: 
Heart Circ. Physiology. Vol. 3 (1978), pp. H371-H383. 

Wei, E.P., and H.A. Kontos. “Responses of Cerebral Arterioles to 
Increased Venous Pressure.” American Journal of Physiology, Vol. 243 
(1982), pp. H442-H447, or American Journal of Physiology: Heart Circ. 
Physiology, Vol. 12 (1982), pp. H442-47. 

Gyulai, L., and others. “Simultaneous 3lP- and ‘H-Nuclear Magnetic 
Resonance Studies of Hvpoxia and Ischemia in the Cat Brain”. Journal 
of Cerebral Blood Flow “and Metabolism, Vol. 7 (1987), pp. 543-51. [Anes- 
thesia maintained with nitrous oxide.] 

Brock, M. “Regional Cerebral Blood Flow (TCBF) Changes Following 
Local Brain Compression in the Cat.” Scandinavian Journal of Labora- 
tory and Clinical Investigation, Suppl. 102 (1968). 

Tanaka, K., and others. “Regional Flow-Metabolism Couple Following 
Middle Cerebral Artery Occlusion in Cats.” Journal of Cerebral Blood 
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Brain Injury and 
Other Barbiturates 

Sullivan, H.G., and others. “Fluid-Percussion Model of Mechanical Brain 
Injury in the Cat.” Journal of Neurosurgery, Vol. 45 (Nov. 1976), pp. 
620-34. 

Lewelt, W., L.W. Jenkins, and J.D. Miller. “Autoregulation of Cerebral 
Blood Flow after Experimental Fluid Percussion Injury of the Brain.” 
Journal of Neurosurgery, Vol. 53 (Oct. 1980), pp. 500-l 1. [Anesthesia 
maintained with nitrous oxide.] 

Smith, D.S., S. Rehncrona, and B.K. Siesjoe. “Inhibitory Effects of Dif- 
ferent Barbiturates on Lipid Peroxidation in Brain Tissue in Vitro: Com- 
parison With the Effects of Promethazine and Chlorpromazine.” 
Anesthesiology, Vol. 53 (Sept. 1980), pp. 186-94. [Discusses the effects 
of barbiturates.] 

Rosner, M.J., M.D. Bennett, and D.P. Becker. “The Clinical Relevance of 
Laboratory Head Injury Models: Prerequisites of Therapeutic Testing.” 
In Head Injury: Basic and Clinical Aspects, R.G. Grossman and P.L. 
Gildenberg, eds., New York: Raven Press, 1982, pp. 103-15. 

Hayes, R.L., and others. “Effects of Naloxone on Systemic and Cerebral 
Responses to Experimental Concussive Brain Injury in Cats.” Journal of 
Neurosurgery, Vol. 58 (May 1983), pp. 720-28. [Anesthesia maintained 
with nitrous oxide.] 

Landau, W.M., and others. “The Local Circulation of the Living Brain: 
Values in the Unanesthetized and Anesthetized Cat.” pp, 125-29. 

Risberg, J., D. Ancri, and D.H. Ingvar. “Correlation Between Cerebral 
Blood Volume and Cerebral Blood Flow in the Cat.” Experimental Brain 
Research, Vol. 8 (1969), pp. 321-26. 

Cheng, C.L.Y ,, and J.T. Povlishock. “The Effect of Traumatic Brain 
Injury on the Visual System: A Morphologic Characterization of Reac- 
tive Axonal Change.” Journal of Neurotrauma, Vol. 5 (Jan. 1988), pp. 
47-60. 

Anderson, D.K., T.R. Water, and E.D. Means. “Pretreatment With Alpha 
Tocopherol Enhances Neurologic Recovery After Experimental Spinal 
Cord Compression Injury.” Journal of Neurotrauma, Vol. 5 (Jan. 1988), 
pp. 61-67. 
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libcperiment Data 

Table 1X.1: Research Data on Arterlrl Blood Ga8er 

Prewoundina 
Wound energy cat no. Reap. rate p0, pC0, pH 
O.iJ .. 219 18 100.2 37.8 7.38 

O.QJ. 227 14 81.2 31.8 7.48 
O,$J8 ‘-. ,I.. __-_.-- 231 8 82.7 46.8 7.36 

0 9j 
_. - .._.. ..-_--- 

233 12 82.6 42.0 7.32 O.iJ _ ~ .._..._ 239 16 102.9 40.8 7.32 

l.iJ " . . 
. .._ 

225 20 101.6 29.9 7.43 
1,4J '- 228 24 74.3 40.7 7.33 ..-. .._.__.. 
, ,4J 234 8 109.8 38.0 7.36 .._ ._.-- ._. 

- 1.4J 237 14 113.6 40.9 7.30 I .4JB 243 10 111.4 42.3 7.40 

2.4J - 220 12 60.8 32.7 7.40 

2.4J 
" 'I .I,- - _ ._ 

223 12 127.5 44.0 7.37 

1 minute postwounding 
Resp. rate p0 -_.2-~..2-~ _~ @I! PC0 

0 121.8 26.4 7.35 

8 63.7 35.7 7.4i ,o-.-65,~-~--~04- ~~~7,28 

0 59.8 39.7 7.34 20-i21.~.--..~~-~~,9 -~ 7.35 

0 59.4 41.4 7.37 __- --.-. -. .~_.~ _~~ ~.~~ 
19 71.7 41.9 7.33 

0 39.3 46.9 7.26 

0 46.8 50.9 7.25 .-~-._--.~~.-- ~~. -.~ ~.. , 4 61.2 51.9 ~, ,30 

12 47.1 31.5 7.36 

6 120.0 36.6 7.33 --.-____ .~ ~-.---.-- ~~. 
2.4J 236 13 91.5 43.5 7.30 8 51.5 48.7 7.27 

- 
.,..._ -.-__- ___-._ _.~~.. .~ .._ ~. ~-~ .~~~ 

2.4J 241 12 105.8 44.6 7.32 0 57.9 50.3 7.36 
2,4Ji -’ -.‘.. .-----.-‘.--- 244 16 120.6 40.1 7.38 21 72.9 50.9 7.31 

Note: J - joules. 
BAnimals exhibiting significant decreased arterial PO,, hypercarbia, and decreased pH without “central” 
respiratory depression. 
Source: LSU’s final report on the first contract, p. 47, submitted to the Army, February 10, 1987 

Table 1X.2: Research Data on lntracranlal 
Pressure-Control Cat8 Tlme Standard 

(mlnr.) C261 C262 C263 C267 C269 Means deviation --- 
0 900 8.5 8 4.0 4.0 6.7 2.489980 

1 9.5 9.0 6 3.5 4.0 6.4 2.770379 ___ - .._.._ ~. --.. ._ .-- 
3 9.0 8.0 6 4.0 6.0 6.6 1.949359 

5 9.0 8.0 6 3.5 7.0 6.7 2.109502 

10 9.0 8.5 6 4.0 6.5 6.8 2.018663 

20 8.0 9.0 5 4.0 6.5 6.5 2.061553 --._.----~-.~~.-~...- -.-.. 
30 8.5 9.5 5 4.0 6.0 6.6 2.329163 

60 8.0 12.5 5 4.5 6.0 7.2 3.251923 120 14.5 11.0 9 6.0 15,0 ----il.l--.-..- ..-- 3.781 534 

180 12.5 11.5 26 4.5 16.0 14.1 7.853343 

240 13.0 12.0 29 4.0 20.0 15.6 9.396808 

____ 
----_--. .._.~ ..~~_. ~ 

300 12.5 12.0 27 3.0 33.0 17.5 12.206556 

360 12.5 15.0 28 7.5 22.0 17.0 8.070006 

Source: LSU’s final report on the first contract, p, 102 
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fable IX& Research Data on Intracranial 
Pressure-Cats Wounded at 2.4 Joules Time Standard 

(mins.) M220 M223 M236 M241 M244 Means deviation -- 
0 5.3 5 3 7 12 6.46 3.407052 ___-- -l____--___.- 
1 126.0 46 52 51 38 62.60 35.871995 _____--.---- 
3 98.0 72 40 73 29 62.40 27.790286 

5 115.0 78 40 57 26 63.20 34.866890 

10 60.0 67 48 49 24 49.60 16.349312 
-' .. 20 34.0 77 47 46 23 45.40 20.206435 

.- 
----__ 

30 33.0 82 35 41 23 42.80 22.851696 

60 -48.0 54 29 32 27 38.00 12.186058 
120 55.0 46 48 36 32 43.30 9.316652 

180 50.0 46 110 34 39 55.80 .-____-. 30.922484 ..~..__ ~..---.. .--.------.---.--.. 
240 58.0 46 19 28 30 36.20 15.594871 ..-. ~. _..__. ~.~ ~. -..-. 
300 57.0 46 25-~.-~o--~- 3, 37.80 13.292855 --.. _~ ..~ .~~.-.- ~.~ ..~__.___ -- 
360 60.0 43 21 43 41.75 15.986974 

Source: LSU’s final report on the first contract, p, 103. 
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Experiment Data 

Figure 1X.2: Brain Sodium In the White 
Matter of the Cerebral Hemisphere for 
Control Cats and Cats Injured at 
Different Energy Levels 

UKI YECVKQ Dry Wslght 

2QQ 

SQ 1 

0 6 24 

Time In Hours 

40 72 168 

1 1 Control 

0.9 Joules 

m 1.4 Joulea 

m ROD 

Means rt 5.0. ** p<O.Ol : l P<O.O5 of Control + PcO.05. 0.9J v 1.43 

Note: This figure indicates the amount of brain sodium in the white matter of the cerebral hemisphere for 
control cats and cats injured at different energy levels. 
Source: LSU’s final report on the first contract, p. 61, 
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Table 1X.6: Research Data on Cerebral 
Blood Flow in “Uncomplicated” Cats Control 1 min. 30 min. 60 min. 90 min. 

MABP MEAN 112.4 150.9a 116.1 112.1 116.2 
(*SE) (3.7) (9.4) (2.9) (6.2) (5.4) 
CPP MEAN 106.9 110.7 73.a8 73.6a 76.0a 
(&SE) (3.6) (8.4) (6.2) (8.7) (f3.l) -- 
ICP MEAN 
(+SE) ~. 
;;VH;E BRAIN CBF 

(t-SE) ____.. 
WHOLE BRAIN CVR 
MEAN 
(ltSE) 

40.v 41 .!Y 38.5a 40.1a 
68) (5.9) (4.5) (5.0) 

33.6 37.5 32.1 28.4 30.1 
(1.9) (2.7) (2.4) (2.2) (3.2) 

3.2 3.1 2.4 
(0.1) (0.3) (0.2) (2) (E) 

Note: This table indicates measurements of whole brain blood flow and cerebral vascular resistance in 
“uncomplicated” cats wounded at 0.9, 1.4, and 2.4 J. [n=14]. These “uncomplicated” cats demon- 
strated significant regional CBF changes, however, both at 1 and 30 minutes after wounding. Increased 
l-minute blood flows occurred in the right and left upper frontal poles, the left parietal area, the left 
upper occipital pole, and the right tectum. 
a-ptO.05 compared to control period (-10 min.). 
Source: LSU’s first annual report on the second contract, p, 12. 

Table 1X.7: Research Data on Cerebral 
Blood Flow in “Complicated” Cats 

MABP MEAN 
(+ SE) 
CPP MEAN 
(it SE) ~---__ 
ICP MEAN 
(5~ SE) -. ---.-- 
WHOLE BRAIN7 
MEAN 
(+ SE) 

Control 1 min. 30 min. 60 min. 96 min. 
114.4 162.6 122.1 110.1 128.0 

(3.8) (13.8) (6.0) (10.4) (22.8) 
108.3 110.3 52.1e 36.7a 46.ga 

(4.0) (8.7) (9.7) (9.7) (12.3) 

6.1 52.3a 70.0a 73.4a 82.1” 
(2.2) (13.1) (8.9) (7.2) (13.2) 

36.7 32.0 22.3a,b 1 6.48,b 
(4.4) (4.6) %Y’” (3.6) (4.6) 

WHOLE BRAIN CVR 
MEAN 

(E) 
4.1 3.9 

(2 SE) (0.9) (1.5) (G) : 

Note: This table indicates measurements of whole brain blood flow and cerebral vascular resistance in 
“complicated” cats wounded at 0.9, 1.4, and 2.4 J. [n=9]. 
a-p<0.05 compared to control period (-10 min.). 

b-p<0.05 compared to corresponding contralateral area. 
Source: LSU’s first annual report on the second contract, p. 10. 
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Number of cats 
Atypically high catecholamines @ control 1 

CBFlCBF autoreaulation 
(Multiple aspects of CBF after wounding) 

McKowen 
Torbati 

- 45 
111 

Total 156 
Total used 156 
With usable data 111 

Remainder: 45 

Physiological instability prewounding 12 

Death followina brain wound 15 

Massive brain bleedina postwoundina 12 

Technical 6 

Prostaalandina 
Total used 
With usable data 

57 

36 
Remainder: 21 

9 
7 

5 

46 

27 

21 

20 
1 

45 

19 

26 

22 
2 
1 

1 

Unsuccessful initial experiments --..-.--.-.-- 
Bloody CSF postwounding .-.- --.-- 
Overnight death 

Eva&s Blue Dye experiment BBB 
Dye injected prewounding ---._ 
Total used 
With usable data .-._--_--__--- -... ~- 
Remainder: 

Died postwounding 

Failed experiment 

Dye injected postwounding ..___ ~ -___ __-.- 
Total used 
With usable data --.- 
Remainder: _ . .._ .__.. - _..._ ~_- . . ..__ --.._ 

Died postwounding ___.. -.__--- 
Died after dye given 
Uncertain -. 
Failed experiment 

Physiology _--._ _-.- __-. .-- .- -..-- 
Total used 
With usable data 

36 

20 

(continued) 
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Comments From the Department of Defense 

DIRECTOR OF DEFENSE RESEARCH AND ENGINEERING 

WASHINGTON, DC ZOSOI-3010 

10 SEP 1990 

Mr. Lawrence A. Thompson 
Assistant Comptroller General 
Human Resources Division 
U.S. General Accounting Office 
Washington, DC 20548 

Dear Mr. Thompson : 

This is the Department of Defense (DOD) response to the 
General Accounting Office (GAO) Draft Report, “ARMY BIOMEDICAL 
RESEARCH : Concerns About Performance of Brain Wound Research,” 
Dated July 10, 1990 (GAO Code 118263), OSD Code 8412. The 
Department concurs with some of the GAO findings and with the 
recommendations, but only partially concurs or nonconcurs with 
other findings. 

As discussed in the enclosure, the research being conducted 
by the Louisiana State University under an Army contract wa8 
appropriately conceived and directed toward resolution of a 
significant military medical problem. The expert panel convened 
by the GAO to review the project agreed with that opinion, 
although they expressed some concerns about certain details 
involving the current research project. The panel nonetheless 
concluded that the work was of such value that it should be 
continued. The areas of concern identified by the panel were 
not deemed sufficient to terminate the work and each is 
discussed in the enclosure. 

With regard to the recommendations, during September 1990, 
the Office of the Director, Defense Research and Engineering, 
will be reviewing the reports of Louisiana State University and 
the Army studies and other pertinent records concerning the 
project. At the end of that process, if it is determined that 
there are still substantial additional benefits to be gained, 
the Director, Defense Research and Engineering, will recommend 
to the Secretary that the project be continued. If that is the 
case and if the Congress permits the project to continue, the 
Director, Defense Research and Engineering will direct the Army 
to take appropriate measures to ensure that all scientific and 
administrative requirements of the contract are fully met. 
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Now on pp, 1-2 and 12.17. 

GAO DRAFT REPORT - DATED JULY 10, 1990 
(GAO CODE 118263) OSD CASE 8412 

"ARMY BIOMEDICAL RESEARCH: CONCERNS ABOUT PERFORMANCE 
OF BRAIN WOUND RHSBARCH" 

DEPARTMENT OF DEFENSE COMMENTS 

* * * * * 

FINDINGS 

0 FINDING Ax Basis For Army Brain Wound Research. The GAO 
reported that the Army Medical Research and Development 
Command conducts a medical research and development program 
designed to support the soldier in the field and meet other 
Army health needs. The GAO explained that the research 
focuses on (1) combat casualty care, (2) military disease 
hazards, (3) combat weapon systems hazards, and (4) 
chemical weapons defense. 

The GAO reported that, in conjunction with the program, the 
Army entered into two successive contracts with the 
Louisiana State University School of Medicine for brain 
wound research. According to the GAO, the purpose of the 
Louisiana project is to enhance the understanding of brain 
wounds to enable combat physicians to effect better 
treatment with drugs. The GAO noted that the Louisiana 
State University research focuses on wounds caused by low 
energy missile and shell fragments and uses a trauma model 
consisting of an anesthetized cat shot in the brain with a 
specially designed gun. According to the GAO, the 
proposals indicate that cats were selected (1) because 
their brains have a ratio of grey to white matter 
comparable to that of human brains, (2) because cat brains 
are small in size, would not require large amounts of 
expensive radioisotope doses, and (3) because cats are 
readily available and relatively inexpensive. The GAO 
reported that the period of performance for the first 
contract was July 1, 1983 to December 31, 1985, at a total 
cost of $342,450. The GAO found that the follow-on 
contract was awarded on April 15, 1986, with a period of 
performance scheduled to run through September 29, 1991. 
According to the GAO, the cost for the second contract has 
increased from about $1.682 million to about $1.768 
million. The GAO noted that', as of September 30, 1989, a 
total of about $1.201 million had been paid to Louisiana 
State University. (pp. l-3, pp. 16-2S/GAO Draft Report) 

DOD RESPONSE: Concur. The Army did enter into two 
successive contracts with Louisiana State University to 
conduct research aimed at developing sound physiologic and 
pharmacologic methods to ameliorate the brain damage 
resulting from wounding. The scope of this study is 
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DOD RRSWNSE: Concur. Louisiana State University is 
accredited by the American Association for Accreditation of 
Laboratory Animal Care, which is an independent 
organization that promotes high standards of animal care. 
Given the unique nature of the work, it is to be expected 
that the research would have unanswered questions or areas 
which receive constructive criticism and suggest future 
research directions by a group of scientists reviewing it. 

l FINDING C: Questions About Control Of General Anesthesia. 
The GAO reported that the panel identified concerns about 
the Louisiana State University research in some areas (also 
see Finding 6). The GAO reported that, because the areas 
in which most of the panelists expressed concerns could 
affect research results, the GAO further reviewed those 
specific areas. To do so, the GAO noted that it consulted 
with five veterinary anesthesiologists. According to the 
GAO, one area where the majority of the panel members 
indicated concern was the management of anesthesia. 

The GAO explained that, to compare wounded animals with 
other wounded and unwounded animals, the animals should be 
maintained at the same depth of anesthesia. The GAO 
further explained that some of the measurements critical to 
the outcome of the Louisiana State University study, such 
as cerebral blood flow and cerebral metabolism, are 
influenced by general anesthesia--with changes in blood 
flow and metabolism directly related to the anesthetic 
dose. The GAO reported that the veterinary anesthesi- 
ologists, therefore, believed that, unless the dose is 
precisely controlled, it is impossible to determine whether 
the pathophysiological changes are due solely to the injury 
or to a combination of the injury and anesthesia. 

The GAO reported the anesthesiologists were in agreement 
that, with the particular anesthetic used and the method of 
administration in the Louisiana research (phenobarbital 
injected into the cats' abdominal cavities), the research 
was difficult to control. According to the GAO, the 
anesthesiologists saw no evidence in the documentation they 
reviewed that the dose of anesthesia was precisely 
regulated. In addition, the GAO observed that, because of 
the way the anesthetic was administered, the depth of 
anesthesia and the duration could vary during and between 
experiments. The GAO found that, for the most part, 
anesthesia records were not kept on individual animals used 
in the experiments, and, in those cases when records were 
kept, the doses actually given varied significantly and did 
not agree with the protocols. In this regard, the GAO 
found that the anesthesia doses and times they were 
administered were recorded for only about 20 to 25 percent 
of the animals used in the research. The GAO reported 
that, based on its review of the anesthesia records, the 
veterinary anesthesiologists doubted there was 
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Now on pp, 3-5, 21, 2528, 
and41. 

Y 

documented experiments. Thereafter, anesthesia induction 
and maintenace became routine and anesthetic records were 
maintained on all animals, except on those in which dose 
and animal weight records were irrelevant to the outcome of 
the experiment. 

0 FINDING Dt Questions About The Effect And Adequacy Of 
Postowrative Care. The GAO observed that postoperative 
care al80 affects research results. The GAO explained that 
careful monitoring of postoperative care for animals 
allowed to awaken from anesthesia is important to obtain 
data relevant to research objectives and to help ensure 
appropriate recovery. The GAO reported the veterinary 
anesthesiologists emphasized that all aspects of post- 
operative care should be documented in detail to confirm 
that uniform treatment was provided to all animals. 
According to the GAO, however, the Louisiana State 
University research team stated they do not consider 
postoperative care, which occurs after the experimental 
period, as relevant to their research design or analysis. 

The GAO found that, in general, project records were not 
maintained regarding the postoperative care given to 
animals recovering from the experimental period. In 
addition, the GAO reported that the anesthesiologists 
identified several factors that suggest deficiencies in the 
postoperative care, such as the lack of analgesics (pain 
relievers). The GAO pointed out that postoperative care is 
important in order to interpret physiological and 
behavioral changes that may be caused by experimental 
treatment--such as injury or by anesthesia or pain. 
According to the GAO, however, the anesthesiologists 
indicated they could not determine the adequacy of post- 
operative,care from the information provided to them. The 
GAO concluded that questions about the management of post- 
operative care in the Louisiana State University project is 
another concern that raises doubts about the validity of 
some of the research results. (pp. 3-4, p. 7, p. 35, 
pp. 41-45, pp.70-71/GAO Draft Report) 

DOD RESPONSE: Nonconcur. The DOD disagrees that post- 
operative care is relevant to the research design and 
analysis, since it occurs after the experimental period. 
All cats used in the Louisiana State University study were 
terminal ; either they died as a result of the study or were 
euthanixed for histopathological examination. The GAO also 
states that the documentation of postoperative care was not 
thorough. While the adequacy of postoperative 
documentation is a matter of interpretation, the attending 
veterinarian at Louisiana State University did maintain 
postoperative records indicating such treatments as the 
administration of parenteral fluids, antibiotics, and 
nutritional support. Those were the only records necessary 
for the purposes of determining the extent of neurological 
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DOD RESPONSE: Nonconcur. The other q'uestions raised by 
the anesthesiologists do not affect the validity of the 
research results. The blood gases values that the GAO 
report refers to as being normal are for unanesthetized 
cats, which are being compared with values from 
anesthetized cats prior to wounding. Any general 
anesthetic would be expected to have varying degrees of 
respiratory depression. Thus, it would be expected that 
the blood gas values for the anesthetized cats would be out 
of the range determined for unanesthetized cats. 

The Army awarded the first contract to Louisiana State 
University on the assumption that a valid model did not 
exist for studying fragment injuries and testing various 
treatment regimens. One of the many significant 
accomplishments from the initial contract was the 
development of the first such valid model. As with the 
development of any new model system in biomedical research, 
there are often significant numbers of initial failures. 
The high death rate reported by the GAO can be attributed 
to attempts to develop this new cat model and to the high 
risk of brain wounding, but should not be considered as 
reflecting negatively on the experimental design. Contrary 
to the comments of two of the veterinary anesthesiologists, 
the Louisiana State University cat model did yield graded 
responses. For example, the model demonstrated a direct 
correlation between the speed of the projectile with the 
percentage of cats dying from apnea and with an increase in 
intracranial pressure. 

The GAO scientific panel felt that reporting of data was 
not an issue. Most, if not all, of the unreported data can 
be attributed to animals lost to technical problems with 
developing the new model. Accepted scientific procedures 
dictate that, if the animal dies before the experiment can 
be completed, then there are no data for that animal. In 
these instances, therefore, the data were not reported. 
Louisiana State University provided all animal information 
and data to the GAO investigators and there was no attempt 
on its part to conceal or selectively use any data. 

0 FINDING F: Contract Compliance With Public Law 100-202. 
The GAO reported that a portion of the funds for the 
current Louisiana State University contract with the Army 
were provided by Public Law 100-202, the DOD Appropriation 
Act for Fiscal Year 1988. The GAO explained that Section 
8056 of that law states that " . ..none of the funds 
appropriated by this Act shall be used to purchase dogs or 
cats or otherwise fund the use of dogs or cats for the 
purpose of training Department of Defense students or other 
personnel in surgical or other medical treatment of wounds 
produced by any type of weapon." The GAO concluded that, 
because the Louisiana contracts are research efforts and 
not training, use of cats in the project does not violate 

Y 
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Now on pp.3.4,6,34-39, 
and 41-42 

the GAO found that the contractor made scope and 
methodology changes to the research, without obtaining Army 
approval. The GAO noted that the panel of medical experts 
it convened commented that many of the changes improved the 
research effort. The GAO pointed out, however, that some 
of the methodological changes were in areas that experts 
had raised questions about --and many were made without 
getting prior written Army approval. The GAO concluded 
that the contract performance has been poorly monitored by 
the Army. The GAO further concluded that the poor 
monitoring is an indication that the Army management of the 
research projects has been inadequate. (p. 4, pp. 8-9, 
p. 56, pp. 58-67, pp. 71-72/GAO Draft Report) 

DOD RESPONSEt Partially concur. The Army appoints 
individuals to function as contracting officer 
representatives for several contracts simultaneously. The 
current contracting officer representative for the brain 
wounding research project has been involved with it since 
1986. While it is correct that other individuals were 
assigned technical monitoring responsibility prior to that 
time, the personnel changes that transpired were directly a 
result of unavoidable circumstances, including reassignment 
from the Command and retirement from Government service. 
During the periods between the departure of a technical 
representative and the appointment of a successor, the 
acquisition management liaison officer for the proponent 
laboratory assumed the responsibility for assuring that all 
technical issues were properly addressed by the appropriate 
source within the laboratory. When the second contract was 
awarded the laboratory commander decided that the 
acquisition management liaison officer would be formally 
appointed as the contracting officer’s representative for 
all contracts, with actual technical monitoring being 
performed by the appropriate member of the scientific 
staff. Although the acquisition management liaison officer 
was, in fact, appointed to this capacity, the current 
contracting officer’s representative performed the actual 
technical monitoring. The practice of appointing the 
acquisition management liaison officer as the contracting 
officer’s representative for all contracts was discontinued 
in 1987, with the actual technical monitor now being 
appointed to that capacity. 

The Army contract system encourages the contracting 
officer’s representative to conduct annual site visits to 
each of his/her appointed contracts. In addition, the 
contracting officer’s representative has telephonic 
discussions with the principal investigators concerning 
data or problems arising during the duration of the 
contract. Most, if not all, problems that arise can be 
handled via the telephone, which tends to minimize the 
importance of site visits. While site visits did not occur 
under the first contract, annual site visits were conducted 
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Now on pp,3-6,34,and 40. 
41. 

Y 

As an example, the GAO observed that changes to the 
anesthetic protocols would appear to at least have 
warranted an inquiry from the contracting officer 
representative about the reason for the change and how the 
change might affect research results. According to the 
GAO, the earliest indication that Louisiana State 
University had changed the anesthetic came in a report 
after work on the first contract was completed. The GAO 
further observed that an inquiry would, nonetheless, still 
have been relevant to determine the impact of the change on 
the second contract. In addition, the GAO pointed out that 
the Louisiana State University report also indicated the 
trauma model had limitations for drug testing. The GAO 
observed that, since drug testing was also an objective of 
the second contract, notice of the model's limitations was 
a reasonable basis for inquiry and assistance from the 
Army. The GAO concluded that technical assistance has not 
been provided by the Army when it might have been 
appropriate. The GAO further concluded that the lack of 
technical assistance is another indication that the Army 
management of the research projects has been inadequate. 
(p. 4, pp. 7-8, p. 56, pp. 68-69, pp. 71-72/GAO Draft 
Report) 

DOD RESPONSE: Partially concur. Unfortunately, due to 
lack of documentation, the level of technical assistance 
actually provided cannot be verified. 

.A8 previously stated, the principal investigator's decision 
to change the anesthetic agent at the start of the second 
contract was not a change in the contract's methodologies. 
The principal investigator had consulted experts in the 
field of anesthesia and head trauma as well as conducted a 
lengthy literature search before the decision was made to 
change anesthetic agents. Thus, the decision to change 
anesthetic agents was made properly and thoughtfully. We 
do agree, however, that the changes should have been 
discussed withthe Army before implementation. The research 
investigators have been advised to follow pre-consultation 
/pre-approval procedures before making any changes in the 
future. 

Contrary to the GAO finding that the Louisiana State 
University reported that the trauma model had limitations 
for drug testing, the annual report dated April 27, 1989, 
stated "we have perfected a model to test drugs to try to 
improve neurological recovery after brain wounding." The 
principal investigator has not yet tested the six drugs 
specifically named in the original protocol because, in the 
six years since the protocol was written, several of these 
drugs are no longer applicable to the study. Instead, the 
principal investigator has chosen to test newly developed 
drugs that show a great deal more promise for treating 

Page 327 GAO/HRD-91-30 Army Biomedical Brain-Wound Research 



Appendix XI 
Comments From the Department of Defense 

Now on pp 6 and 42, 

l RECOMMENDATION 31 The GAO recommended that if, after he 
reviews the project (see Recommendation 2), the Secretary 
of Defense finds it desirable to continue the project, the 
Secretary should ensure that the concerns identified by the 
GAO have been resolved. (p. 9, p. 72/GAO Draft Report) 

DOD RESPONSE: Concur. If the Secretary determines that 
the project should be continued and the Congress permits 
it, the Army will be directed to take all appropriate 
measures to ensure that the concerns identified by the GAO 
have been adequately resolved. This will include both 
administrative (such as fully documenting telephone 
conversations and pre-consultation/pre-approval on any 
contract change) and scientific concerns. The problem 
noted by the GAO concerning late reports has already been 
addressed by the Army and the implemented procedure is 
working effectively. The Army recognized that changing 
contracting officer representatives could be a detriment to 
any biomedical contract. The Office of the Director, 
Defense Research and Engineering, has encouraged the Army 
Medical Research and Development Command to keep 
reassignment of contracting officer representatives to a 
minimum. The Office of the Director, Defense Research and 
Engineering, will monitor future progress of the project 
with periodic reviews to ensure compliance. 
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Comments From Louisiana Stak University 

SCHOOL OF 
MEDICINE IN NEW ORLEANS 
Louisiana State University 
Medical Center 
1542 Tulane Avenue 
New Orleans, LA 70112-2822 
Telephone: (504) 5664006 

Office of the Doaq September 7, 1990 

Ms. Linda G. Morra 
Director 
Intergovernmental and 

Management Issues 
U.S. General Accounting Office 
Washington, D.C. 20548 

Dear Ms. Morra: 

I enclose our response to the Draft Report response to your document about Dr. 
Michael Carey’s research. We are pleased that you will include our response in your 
final report. We also appreciate the 30 day extension to September 10. 

Sincerely, 

Robert S. Daniels, M.D. 
Dean 

RSD:cvr 
Enclosure 

School 01 Allied Health Proletisions School of Graduate Studies School of Medicine in Shreveport 

School of DentWry School of Medicine in New Orleans School of Nursing 
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1. SUNNARY 

This document, including exhibits l-7 and references, 
comprises Louisiana State University Medical Center's response to 
the GAO draft report on Dr. Michael E. Carey's brain wound 
research project. Louisiana State University Medical Center 
(LSUMC) is gratified that the GAO's expert Scientific Review 
Panel not only vindicated Dr. Carey's research project on brain 
wounds--supporting the validity, uniqueness and importance of 
this work--but also strongly recommended its continuation and 
continued funding. This knowledgeable panel wrote pages of 
positive remarks including multiple comments regarding: the 
importance of the work, the reproducibility of the model, the 
validity of the results, the immediately transferable information 
to brain-wounded humans, the impressive facilities, the necessity 
of using live animals, the absence of other laboratories 
performing such studies, the appropriateness of care of the 
experimental animals, the great potential for treatment 
improvements for humans, the outstanding qualifications of the 
investigational team, and the significant contribution this 
research has made to the body of information available in this 
area. 

Significantly, this project has undergone three separate and 
extensive reviews--by the American Association of Neurological 
Surgeons (AANS), the LSU Faculty Review Committee, and by the GAO 
Scientific Review Panel--with essentially the same conclusions: 
that the research is unique, valuable, has been well and humanely 
done, and should be continued because it may save human lives. 

2. RESEARCH IH'.'ESTIGATOR 

The principal investigator, Michael E. Carey, M.D., 
Professor of Neurosurgery at Louisiana State University Medical 
Center in New Orleans, is a practicing neurosurgeon. He was a 
combat neurosurgeon in Vietnam where his neurosurgical unit 
operated on more than 300 people with brain wounds. During his 
22 years of Army service, Dr. Carey has been awarded the Bronze 
Star, Purple Heart, the Army Commendation and the Humanitarian 
Medal. The South Vietnam Government presented Dr. Carey the 
Technical Service Medal First Class. 

3. HISTORY OF THE PROJECT AT LSUMC 

Following his experience as a MASH neurosurgeon, Dr. Carey 
was appalled to learn from the neurosurgical literature that 
SSSSntially the same percentage of young men died from brain 
wounds in Vietnam as in World War II (WWII mortality 11%-14%; VN 
mortality lo%-12%) (1). Contrary to the progress made in other 
areas of medicine during this fifty-year span, the treatment of 
brain wounds had virtually stood still. Dr. Carey wanted to 
change that. While this was his original motivation, it has 
become increasingly apparent that Dr. Carey's work is needed even 
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more urgently by our civilian population with violent crime on 
the rise. It can be inferred from statistics published in 1983 
that 16,000 Americans die on city streets each year from gunshot 
wounds to the brain. Furthermore, more than 70,000 serious brain 
injuries occur yearly in the United States: and the cost of 
caring for these individuals is $25 billion per year. Since so 
few laboratory papers on brain wounds have been published, almost 
nothing is known about it in modern, scientific term. Having 
published more than a dozen clinical papers on brain wounds and 
wanting to improve the plight of those with brain injury, Dr. 
Carey knew that the problem should be taken to the laboratory 
where it could be understood and new treatments devised. one 
promising area of treating brain wounds has yet to be explored-- 
experimental drugs which, when tested, might prove effective in 
limiting the damage following brain injury. 

For technical and scientific reasons, Dr. Carey elected to 
use the cat for his laboratory model. The cat has been used in 
neuroscience studies for more than 100 years with much 
information on brain function already worked out--information 
which has been and is routinely applied to humans. 

Under Army auspices, Dr. Carey established the only 
laboratory in the world studying the effects of brain wounds in 
order to help people survive them. From 1984 to 1990, Dr. 
Carey's laboratory published 5 papers and 17 abstracts. 

At the behest of Representative Robert Livingston, the GAO 
began its investigation of Dr. Carey's project in December of 
1988. It convened an expert Scientific Review Panel chaired by 
John Jane, M.D., Professor of Neurosurgery and Chairman of the 
Department of Neurosurgery at the University of Virginia at 
Charlottesville, to review Dr. Carey's research project. The GAO 
Scientific Review Panel included seven distinguished scientific 
authorities with unquestionable expertise in neuroscience, 
trauma, physiology, and animal care. This panel concluded that 
Dr. Carey's research was unique and valuable and that its funding 
should continue. 

LSUMC has been told that after the expert Scientific Review 
Panel reached its conclusions, the GAO then contacted five 
veterinary anesthesiologists to evaluate the project. These 
particular veterinary anesthesiologists are not recognized 
experts in brain trauma thus, have questionable credentials to 
evaluate a brain research project. To LSUMC's best knowledge, 
the veterinary anesthesiologists did not interact with the expert 
Scientific Review Panel. They also had no interaction with Dr. 
Carey. The interactive process is a necessary and customary part 
of a valid scientific review. The veterinary anesthesiologists 
apparently did not submit a written report. All that appears in 
the GAO draft is what the GAO wrote and repeated attempts to 
secure a copy of any report authored by the veterinarians failed 
to produce one. 

The LSU Faculty Committee, comprised of top LSU scientists 
with national and international reputations, was convened by Dr. 
Allen Copping, President of the LSU System, to evaluate Dr. 
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Carey's research in October, 1989. The LSU committee concluded 
that Dr. Carey's research addressed critical scientific problems, 
was well-conceived, and made maximum effort to protect the 
welfare of animals. The LSU Committee strongly recommended its 
continuation (Exhibit 1). 

The American Association of Neurological Surgeons, the 
principal spokesgroup for the U.S. neurosurgery community, also 
evaluated Dr. Carey's research. An AANS committee of 
distinguished neurosurgeons had access to the same material as 
did the GAO and spent a full day visiting Dr. Carey's laboratory 
where questions were asked regarding the project. The AANS 
concluded that Dr. Carey's research is being carried out by an 
investigative team that has the background, physical facilities 
and equipment to conduct such research and that Dr. Carey's team 
is the only one currently studying brain missile injury in the 
U.S.; that the work that has been done and is planned does not 
duplicate the comparatively little research previously conducted 
and reported in this area: that the anesthetic technique is 
humane and does not invalidate the experimental modeling: that 
the experimental model is appropriate; that a computer model 
cannot reproduce the widespread response to injury necessary to 
understand and treat this type of wound: that Dr. Carey's studies 
have been well-planned and well-executed; and that the model is 
developed to the point where treatment trials can be initiated to 
search for ways of improving the outcome from missile injuries to 
the brain. The AANS recommended that Dr. Carey's research be 
continued (Exhibit 2). 

In summary, the GAO Scientific Review Panel, the LSU Faculty 
Committee, and the American Association of Neurological Surgeons, 
having all examined Dr. Carey's research project in depth, have 
all reached the same conclusions: that Dr. Carey's work is 
needed: that the research has been done well: that the research 
has been done humanely: that the research findings can be applied 
to help save human lives: and that the research should be 
continued. 

4. LSUMC CONCERNS REGARDING THE CONDUCT OF THE QAO REVIEW 

In LSUMC's opinion, the GAO review of the project has been 
biased against the research. Its draft report is weighted 
heavily to negative comments, while in reality, the creditable 
(Scientific Review Panel) review was positive. Some of LSUMC's 
major concerns include: 

A. GAO Reported Inaccurate Information & Inadequately 
Transferred Information 

The GAO constructed a review process that did not allow an 
exchange of information between qualified scientists. The 
Scientific Review Panel was not permitted to visit Dr. Carey's 
laboratory to see his data firsthand or to question Dr. Carey. 
Had they been allowed access to Dr. Carey, they would have caught 
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some of the mistakes the GAO made in reading and trying to 
interpret technical and complex scientific data. The Scientific 
Review Panel worked solely from information provided by GAO 
staffers whose expertise is not in science. They went through 
Dr. Carey's laboratory selecting information for the scientists. 
The GAO's interpretations of Dr. Carey's data and information 
were sent, along with Dr. Carey's Army reports, to the Scientific 
Review Panel. The GAO also wrote a list of questions to guide 
the review. 

It should be understood that some of the information the GAO 
sought included false claims made by animal activists about Dr. 
Carey's work. The GAO admittedly met with representatives of the 
Physicians' Committee for Responsible Medicine (a small but vocal 
animal activist group that has no connection to the professional 
medical community and that is not only opposed to any use of 
animals in biomedical research but is also actively working to 
stop research projects that use animals). 

The Scientific Review Panel had no way of knowing that some 
of the information provided by the GAO was in error. For 
example, the GAO reported that Dr. Carey had performed 33 types 
of experiments when his data clearly indicated that there were 
only nine areas of research interest. Similarly, the Scientific 
Review Panel (GAO draft Appendix IV) spent time discussing 
tlmultiple anesthetics" purportedly used in the experiments when, 
in reality, only one anesthetic, pentobarbital, was used for all 
completed research projects bearing on brain physiology. Dr. 
Carey did initially test several anesthetic agents before 
determining that pentobarbital was the best one to use, but these 
early tests using a small number of animals were misrepresented 
by the GAO and given the same weight as Dr. Carey's main 
experimental studies. Also, the GAO Scientific Review Panel 
needed more information about the techniques for studies proposed 
by Dr. Carey in his Contract Proposal. Had he been at their 
meeting in June of 1999, Dr. Carey could have explained that he 
worked under a time restriction of less than 60 days and could 
only take 30 pages to prepare and outline protocol for a 5-year 
research project. Naturally, specific projects could only be 
indicated in outline form. Dr. Carey also could have provided 
the panel a manuscript and abstracts for inclusion in the panel's 
considerations which would have eliminated many questions that 
now appear in the body of the GAO Scientific Review Panel report, 
(e.g., concerns about anesthesia, details of some of Dr. Carey's 
experimental techniques, and particularly the question of 
productivity). The GAO did ultimately provide the Scientific 
Review Panel with that manuscript and those abstracts, but not 
until after the panel had met. 

Louisiana State University Medical Center would like to 
emphasize, however, that in spite of the obstacles placed before 
it, the GAO Scientific Review Panel still managed to reach a 
conclusion: that Dr. Carey's research had merit, was needed, and 
should be continued. 
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B. Inappropriate Exit Interview by the GAO 

The "exit interview" conducted by the GAO in September, 1989 
at LSU with Dr. Carey did not provide a mechanism for appropriate 
responee to GAO concerns. Contrary to accepted scientific 
practice, and especially in light of such voluminous technical 
data, written questions were not provided in advance of the "exit 
interview"; Dr. Carey was expected to respond extemporaneously. 
For example, the question of his use of pantobarbital anesthesia 
in the experiments could have been completely clarified by 
inclusion of more then 100 publications drawn from the scientific 
literature which affirm Dr. Carey's choice of pentobarbital. 

C. Inappropriate Anesthesiology Review 

Inclusion of the opinions of the individual veterinary 
anesthesiologists is a major concern. Richard Traystman, M.D., 
Chief of Anesthesia Research at Johns Hopkins Medical School and 
a world authority on the cerebral effects of anesthesia, was on 
the GAO Scientific Review Panel: since the expert panel did not 
find that pentobarbital was an inappropriate anesthetic, it is 
unclear why the GAO sought the evaluation by the veterinary 
anesthesiologists, particularly these veterinary 
anesthesiologists. Had the GAO acted responsibly, it would have 
turned to research anesthesiologists with worldwide reputations 
in brain physiology. A list of more than 120 recent publications 
authored by the five selected veterinarians fails to show any 
papers on brain physiology or brain injury. While these 
veterinarians are distinguished in their respective fields, they 
have no generally recognized expertise in brain pf;si..logy, brain 
injury, brain blood flow, or brain metabolism. 
therefore, inappropriate to have these nonexperts in bkain 
research comment upon the intricacies of this research. 

The veterinary anesthesiologists, like the expert Scientific 
Review Panel, were also apparently given incomplete and 
misinterpreted data. For instance, the veterinary 
anesthesiologists were evidently informed that Dr. Carey 
anesthetized the animals by intraperitoneal pentobarbital when, 
in fact, anesthesia was generally induced with intraperitoneal 
pentobarbital but maintained by intravenous pentobarbital--a 
significant difference. This anesthetic technique is commonly 
used (10, 12, 13). 

It is of great concern that, to the best of LSUMC's 
knowledge, these consultants were interviewed individually rather 
than by a consensus development method more consistent with 
accepted scientific review practices and that they evidently did 
not prepare a written report. 

D. Inappropriate GAO Emphasis in the Draft Report 

Considering the absence of appropriate qualifications of the 
veterinary anesthesiologists to review a brain research project 
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and their questionable method of review, it is unconscionable 
that the GAO draft attached more significance to the individual 
comments of the veterinary anesthesiologists than to the 
carefully considered evaluation of the GAO Scientific Review 
Panel which was appointed by the GAO itself. 

The comments of the GAO Scientific Review Panel were written 
and widely circulated among its members. Opinions expressed in 
writing were collated into a consensus paper by Dr. Jane and 
represent an objective, informed evaluation of the brain injury 
project. 

Unlike its own expert scientific panel's report, the GAO 
draft report is written with bias against Dr. Carey's research 
and fails to note positive comments about Dr. Carey's research. 
Although the Scientific Review Panel contained numerous positive 
comments, they are not mentioned at all in the Executive Summary 
nor in the body of the draft written by the GAO. The fact that 
the GAO Scientific Review Panel felt that "the project has merit 
and should receive continued funding" is downplayed in the 
Executive Summary. Under the heading, "Principal Findings," the 
only reference to one of the Scientific Review Panel's most 
important findings--that the project has merit--is relegated to a 
headline. Conspicuously absent from the I'Principal Findings" is 
the Scientific Review Panel's main finding that Dr. Carey's 
research should be continued. 

Although its own Scientific Review Panel's report was 
extremely favorable, the GAO chose to largely ignore it. The 
GAO’s Executive Summary and Chapters l-4 instead dwell on the 
individual concerns of the veterinary anesthesiologists contacted 
by the GAO after the its Scientific Review Panel had met. The 
GAO replaced the positive, substantive comments concerning Dr. 
Carey's research made by the GAO Scientific Review Panel (which 
has immense expertise in brain research) with critical comments 
made by the veterinarians (who have no generally recognized 
expertise in brain physiology or brain trauma). 

5. RNBPONSI TO CONCERNS CONTAINRD IN THE GAO DRAFT 

LSUMC is disturbed that the GAO draft focused on negative, 
peripheral, and erroneous concerns. In the interest of truth, it 
is important to address these issues. Since this section 
contains detailed scientific information, it will be necessarily 
lengthy and complex. This length should not be construed as 
being indicative of the importance assigned to these concerns by 
LSUNC. 

A. Anesthetic Issues 

The task of choosing the anesthesia to be used in these 
experiments was not undertaken lightly by Dr. Carey. After 
careful study of various anesthetic possibilities in the 
scientific literature, Dr. Carey chose pentobarbital for studies 
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concerning brain edema and cerebral blood flow. Pentobarbital 
has been widely used in such studies and in studies on brain 
trauma. While pentobarbital may have some "cerebral protective 
effecta," it is probably not a free radical scavenger (2). Even 
if barbiturate anesthesia does offer a modicum of brain 
protection, any such effect would be accounted for, including 
drug-testing experiments, by comparing pentobarbital- 
anesthetized, brain-wounded, control animals with pentobarbital- 
anesthetized, brain-wounded, drug-treated animals. In testing 
drugs to determine their ameliorating effects in brain wounds, 
Dr. Carey initially sought a shorter-acting anesthetic 
(isoflurane), but it produced an unacceptable post-wounding 
mortality. He, therefore, decided to use pentobarbital 
anesthesia even for drug testing, accepting the prolonged 
anesthetic effect of pentobarbital on the cat. Using one 
anesthetic for all experiments (acute-physiological and 
chronic-recovery) has the decided advantage that all physiologic, 
behavioral, and biochemical results can be understood from the 
viewpoint of one anesthetic. Dr. Carey was well aware of the 
limitations of pentobarbital anesthesia and stated in discussing 
apnea observed after missile wounding: "Whether the observed 
apnea would be significantly modified by use of another 
anesthetic agent......is unknown" (3). References (4-27) 
document studies of renowned investigators who also used 
pentobarbital as anesthetic in studying brain edema or various 
aspects of brain blood flow in cats. Dr. Carey sought additional 
opinions Prom world-recognized authorities in brain research who 
supported the choice of pentobarbital for these experiments 
(Exhibits 3, 4, 5). Pentobarbital is an appropriate and commonly 
used anesthetic choice for laboratory research on brain trauma, 
brain edema, the blood brain barrier, and cerebral blood flow. 

The GAO draft states, "The anesthetic and its method of 
administration in the research-- pentobarbital administered 
intraperitoneally (IP. . .) made controlling the depth of 
anesthesia difficult." That statement is not exactly accurate. 
While anesthesia was generally introduced intraperitoneally, 
intravenous supplementation of anesthetic was done as required so 
that each animal's cornea1 response was abolished and the animal 
would not respond to paw pressure. Four documents (28-31) to 
which the GAO had access clearly state that IP pentobarbital was 
used only for induction, followed by intravenous (IV) anesthetic 
for maintenance as is often done in brain research (10, 12, 13). 
In some animals, anesthetic was induced as well as maintained by 
IV pentobarbital. 

The GAO draft report also states "it is extremely important 
that general anesthesia be administered in a careful and 
controlled manner so that the reactions of study and control 
animals can be compared. In this way any changes that occur will 
be the result of the trauma rather than the anesthetic.t' Dr. 
Carey did just that: control, unwounded cats were anesthetized 
with pentobarbital in exactly the same fashion and subsequently 
treated exactly as the experimental, wounded cats except that no 
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brain wound was inflicted. In this way, he could measure 
physiological and behavioral variables under the influence of 
pentobarbital anesthesia alone and compare these variables to 
those measured in the pentobarbital-anesthetized, brain-wounded 
cats. 

Inhalant anesthetics were not used for these experiments 
because the commonly used volatile anesthetics uncouple the 
relationship between blood flow and metabolism, and all interfere 
with brain blood flow regulation (Exhibit 3). 

Finally, if poorly controlled anesthetic techniques would be 
expected to adversely affect "physiological parameters critical 
to the outcome of the LSU research," one would expect the 
achieved LSU cerebral blood flow results to be markedly different 
from results given in the literature. This is not the case 
indicating that anesthesia was well-controlled. 

Table 1 
Total Cerebral Blood Flow Determined in 

Pentobarbital-Anesthetized 
Cats by Various Investigators 

Individual Investigator Total Cerebral Blood Flow (ml/lOOg/min) 
McKowen (29) LSU 33-36 
Torbati (30) LSU 36-39 
Dewitt (11) MCV 30-36 
Davis (13) Mayo Clinic 34-50 
Zierski (19) Giessen 30 
Risberg (22) Lund 40 

Table 1 shows that the LSU data are well within the range of 
four other major brain research laboratories. 

9. Postoperative Analgesia 

Only about 13% of all cats used in the experiments were 
allowed to survive the acute experiment. Thus, the consideration 
of postoperative-wounding pain in Dr. Carey's research applies to 
a relatively small number of animals. The postoperative-wounding 
protocol was carefully considered by the LSU Institutional Animal 
Care and Use Committee and by contract reviewers. Both of these 
authorities deemed that the decision not to use postoperative- 
wounding analgesics was correct. Topical analgesics, which do 
not interfere with brain function, were used. Not only did the 
common clinical, human experience suggest that pain after brain 
injury would be negligible, but analgesics given in the recovery 
period might seriously interfere with judging whether an 
experimental drug might improve brain function. All cats allowed 
to recover were watched intently by Dr. Carey, his research team, 
and members of the Division of Animal Care. The members of the 
Division of Animal Care are acutely attuned to discomfort in 
animals and are bound by professional responsibility to note and 
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report any observed animal suffering. None was reported to Dr. 
Carey or Dr. Gonzalez, Head of the Division of Animal Care. 

In attempting to ascertain if there was postoperative pain, 
the GAO compares cats with brain wounds to humans with 
pseudotumor cerebri (a condition where the brain swells). This 
is an incorrect analogy; cats with brain wounds should be 
compared to humans with brain wounds. Neurosurgeons recognize 
that in humans, pain is not a problem following brain trauma, 
including brain missile wounding. Failure to perceive pain is 
especially true if the brain-injured person is drowsy or in coma 
following brain injury. Under these conditions, drugs such as 
morphine or meperidine, which are commonly used to relieve pain, 
are contraindicated because they also decrease respirations and 
may kill the patient. Dr. Carey's experimental animals were 
drowsy for approximately two days. On the grounds of good human 
neurosurgical practice, analgesics are not given. 

In a book about animal pain, Hughes and Lang (32) state, 
"The perception of pain is an extremely complex physiological 
phenomenon. Animals may have a higher pain threshold than humans 
undergoing similar procedures. Therefore, it is important to 
temper judgment of a painful experience with careful observations 
of animals and the individual response to the stimuli.ll 
Observations of Dr. Carey's experimental animals indicated that 
they did not have significant pain after surgery/brain wounding. 
He, therefore, had no reason to treat them for pain. 
Significantly, Hughes and Lang do not recommend that animals 
running about on the day of surgery following a hysterectomy (a 
more painful procedure than brain surgery) be treated with 
analgesics. They do not need them. There is no question that 
the decision to not provide postoperative analgesia was 
appropriate. 

Several of the veterinary anesthesiologists evaluating Dr. 
Carey's research have not provided any postoperative pain for 
goats, dogs, or cats undergoing abdominal surgery or for awake 
cats with indwelling femoral artery cannulae (33-36). Since some 
of the very same veterinary anesthesiologists who criticized Dr. 
Carey’s decision not to use analgesics do not find it necessary 
to give their postoperative cats analgesics, their criticism of 
Dr. Carey is inconsistent. 

The GAO wrote an erroneous statement in its draft under the 
section on *8Postoperative Pain." It states, "the [LSU] 
veterinarian [Dr. Longoria] told us [GAO investigators] that the 
animals from the brain wound project experienced pain. He also 
told ua that he treated them for the pain with Butorphanol 
Tartrate, an analgesic drug." This statement misrepresents the 
facts. Dr. Longoria categorically denies that he told the GAO 
that Dr. Carey's cats experienced pain (Exhibit 6). In fact, he 
wrote a letter (Exhibit 7) about this issue stating that only one 
cat received Butorphanol--for an ear infection--long before any 
experiment. Dr. Carey gave that letter to the GAO in November of 
1989. 
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C. Postoperative Care 

After wounding, cats were suctioned through the endotracheal 
tube, given antibiotics, and kept covered with a thermostatically 
controlled heating blanket controlled by a rectal thermometer. 
Vital signs (blood pressure, heart and respiratory rates) and end 
tidal CO were continually monitored; blood gases were 
intermittently measured. Pupillary size was also periodically 
determined. When the animal appeared to be stable, all cannulae 
(including the femoral artery line) were removed, and this artery 
was tied off. The groin wound was closed. Collateral arteries 
provide sufficient blood supply to the leg, so problems from 
ischemia did not occur. The cats were subsequently returned to 
the animal care facility, covered with a blanket, and the 
veterinarian was informed that injured cats had been returned. 
Injured cats were observed intently by a member of the 
investigative team. The following morning the cats were usually 
still unconscious. Pupillary size and respiratory rate were 
checked and the warming blanket maintained. On post-experiment 
day one, the veterinarians routinely administered lactated 
Ringer's solution IP, antibiotics IM (intramuscularly) and 
nu,tritive support. The cats were also checked regularly that day 
by a lab member. On day two post-experiment, the animals were 
checked exactly as for day one. The animals were usually groggy 
and ataxic. If the cats were not observed to be eating and 
drinking, the veterinarian was notified and lactated Ringer's, 
antibiotics, and nutritive support were administered. On day 
three post-experiment, the animals were checked for pupillary 
size and reaction, respiratory rate, and also to see if they were 
eating and drinking. Most were eating and drinking ad lib by 
this time, but if not, lactated Ringer's solution, antibiotics, 
and nutritive support were again administered by the 
veterinarian. By day four post-experiment, all cats were eating 
and drinking ad lib. No indication of @'apparentI' pain was 
present at any time. If any had been, the veterinarian or his 
staff would have notified Dr. Carey. This never occurred. The 
quality of animal care is unquestioned and is documented by the 
fact that the LSUMC animal care facilities and programs are 
accredited by the American Association of Animal Laboratories and 
Animal Care (AAALAC). 

D. Blood Gas Issues 

The veterinary anesthesiologists (but not the GAO Sciedtific 
Review Panel) questioned some of the arterial blood gas 
measurements reported in the 1985 yearly report (28). 
While cerebral blood flow (CBF) responds to relatively small 
chang.es in the arterial content of carbon dioxide (PaCO ), CBF is 
only affected by extreme changes in the arterial conten t of 
oxygen (Pa02) --not within a range of 60 mmHg to 150 mmHg. Thus, 
in studying CBF, PaCO, must be maintained within a physiologic 
range and be closely monitored: it is much less important to 
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maintain Pa0 to the anonn.11 So unimportant is the actual level 
of Pa0 to CdF and cerebral metabolism studies that many research 
scientists take PaO, measurements only to insure that the 
experimental animal is not hypoxic (too little oxygen). In many 
research projects, actual PaO, levels are often either not 
reported at all (11, 13, 19) or stated only as being above a 
certain reasonable range (12). Dr. Carey did, however, record 
actual PaO, levels to assure that his cats were adequately 
oxygenated. The PaOZ levels were well within acceptable range. 
Even though PaOz levels have little bearing on CBF, Dr. Carey's 
Pa0 levels were questioned by the veterinary anesthesiologists: 
80 z heir significance must be further clarified. 

According to the scientific literature (4, 15, 17, 18, 24), 
various experiments on CBF or brain metabolism have reported mean 
PaOzs ranging from 84 mmRg to 150 mmIig. Control PaO, values 
reported in Dr. Carey's experiments ranged from 60.8 mmRg to 
127.5 mmXg with a mean of 97.7 mmHg. It can be calculated that 
Bose (4) observed Pa0 values as low as 63 mmHg while Wei and 
Kontos (15) reported ba02s as high as 127 mmHg in pentobarbital- 
anesthetized, room air-breathing cats. Solter and Haskins (one 
of the consulting veterinary anesthesiologists), who specifically 
attempted to determine normal blood gas and pH values in awake 
cats, found a mean arterial Pa0 
low as 73 mmHg. Dr. Carey's Pa 

of 85mmHg and observed PaO,s as 
data are well within the range 

reported by many other investiga ors and also by one of the GAO’s 
critical veterinary anesthesiologists. To say that the arterial 
PaOz in the air-breathing cat must lie between 95 and 100 mmHg 
doss not conform to published Pa02 levels. While the GAO report 
mistakenly states that 14 of 15 animals had an oxygen level 
outside the normal range, in reality, 14 of 15 PaOzs in these 
cats were well within the reported range. It is quite reasonable 
to expect that some cats in Dr. Carey's experiments would have 
lower Pa0 levels because these cats were not awake but 
pentobarbital-anesthetized. Anestheaia can depress respirations 
and may also cause pulmonary atelectasis (collapse of the lung) 
which would decrease the Pa0 

K 
The reported PaO, levels may 

concern the veterinary anest esiologists but not Dr. Traystman, 
Professor of Anesthesia Research at Johns Hopkins and a member of 
the GAO Scientific Review Panel, or Dr. John Michenfelder, 
Chairman of the Division of Anesthesia Research at Mayo Medical 
School, who looked at the same data. The technical point of 
satiefying the mathematical relationship between alveolar and 
arterial oxygen content is physiologically irrelevant because 
brain blood flow and metabolism are insensitive to PaO, over wide 
ranges. 

PaCO,, on the other hand, has a direct and important 
influence on CBF. It should be noted at this point, however, 
that when the scientists in Dr. Carey's laboratory were gathering 
the physiologic data presented in table 2.1 (GAO Report), they 
were not measuring cerebral blood flow or metabolism. They were 
measuring several physiologic variables including arterial blood 
gases and pH to determine the effects of brain wounds on 
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reogirationo and other physiologic variables. To use data from 
one study to evaluate an entirely different study is 
inappropriate. 

The GAO report implies that PaCOz values are out of the 
normal range (38-42 mmHg), and this may invalidate Dr. Carey's 
results. That this PaCO 

E 
range is "normal@' is doubtful because 

awake cats may have a Pa O2 as low as 30.5 mmHg (36). Since cats 
used in these particular experiments were Qentobarbital- 
aneathetised and spontaneously breathing and many had depressed 
respirations, it is not surprising or significant that the PaCO, 
levels in some were elevated above '1norma1.11 The mean PaCOz for 
all 15 cats, however, was 39.7 mmHg--in the llnormalll range. 
Whether the control PaCO, (or PaO,) was slightly high or slightly 
low was immaterial as it was the post-wounding pattern of 
response that was important to evaluate. Dr. Carey's work 
clearly demonstrates that after brain wounding PaOZ falls and 
PaCOz rises. 

Because PaCOz is important relative to cerebral blood flow 
and because PaCOr may indicate adequacy of anesthetic and 
respiratory control, the PaCO* values used during the later CBF 
measurements and presented in the 1987 and 1988 reports are shown 
in Table 2. No question exists about the adequacy of this PaCOl 
data derived from CBF experiments. 

Table 2 
Arterial PaCOz in Pentobarbital-Anesthetized Cats in CBF Studies 

Lwt~tabxl Ji!aC.Q* (mmHg) 

McKowen (29) LSU 32.4 
Torbati (30) LSU 31.1-32.7 

I%:' I:;; 
MCV 27.4-31.2 
Mayo Clinic 39-41 

Zierski (19) Giessen 31.3 

The LSU PaCOZ measurements are within the observed range of 
three highly respected scientific investigators. 

In summary, the PaCO values in spontaneously breathing, 
pentobarbital-anesthetize t; cats presented in the first yearly 
report are within normal ranges used for brain function studies 
or are understandably slightly high owing to depressed 
respirations and CO ratention. The PaCO levels in the CBF 
experiments are well within the ranges us?ed by established 
investigators who also measure CBF in pentobarbital-anesthetized 
cat and indicate that the anesthesia was well-controlled and Dr. 
Carey's CBF experiments were well-done. 

It is significant that the literally thousands of 
measurement6 Dr. Carey and his group reported on brain 
electrolytes and brain blood flow, his main research areas, were 
not questioned. 
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E. Data Reporting Methods 

The GAO draft report states, "The reported results do not 
discuss data from experimental failures." The reasons for 
exclusion of animal data appear in Appendix XI of the GAO draft. 
Data from dead animals were not and should not be reported in 
results because the objective of Dr. Carey's research is to study 
and to understand nonfatal brain wounds. No useful purpose is 
served in studying fatal, nontreatable brain wounds. Exclusion 
of such data is necessary, customary, and ordinary for any 
reliable scientific analysis of performed experiments. 

Appendix XI (GAO report) indicates the reasons animals were 
excluded from blood flow studies. For instance, to include cats 
with massive bleeding and shock would have clouded the effect 
missile wounding alone had on the brain. This would have 
provided data on the effect of missile wounding plus hemorrhagic 
hypotension (shock). Indeed, to have included such data would 
have been misleading. 

F. Failure Rate Issues 

Failure rate issues were never raised by the GAO Scientific 
Review Panel but, rather, by the veterinarians who have no 
denonstrable experience in either brain physiology or brain 
trauma research. 

Dr. Carey's laboratory developed this entire model system to 
study brain wounds because no other facility like it exists in 
the world, and no other investigator has undertaken such an 
extended study of brain wounds. His laboratory developed and 
tested virtually all aspects of this model system before applying 
it to the physiological question under consideration--from 
developing the apparatus and selecting the wound trajectory to 
trying several types of anesthesia, working out biochemical 
assays, and running small pilot studies (e.g., for brain 
catecholamine assays). 

A brain wound is a serious injury which up to now has 
resulted in a staggering percentage of deaths. Improved survival 
rates and a higher quality of life for survivors of brain wounds 
can only be achieved by thoroughly understanding what happens to 
the brain when it sustains a wound. Only then can the 
devastating or fatal effects of brain wounds be prevented or 
reduced. This is why Dr. Carey chose to study brain wounds: to 
understand and influence the process of brain wounding to save 
human lives. 

Since there is so much more to be learned about brain wounds, 
and since a brain wound is often fatal, it is remarkable that Dr. 
Carey was able to develop a model that has proven so successful. 
On average, it has yielded useful data in two out of three 
experiments. 
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G. Graded Response of Trauma Model 

Two of the veterinary anesthesiologists felt that the brain 
wound model which Dr. Carey developed lacks a graded response to 
missiles of differing energy. The GAO then states that "a graded 
response model, such as this one, should demonstrate progressive 
and statistically different responses for injuries inflicted at 
different levels of energy (missile impact)." In the two most 
fundamental aspects of brain injury, the apneic response and the 
sustained elevated intracranial pressure, the model clearly 
demonstrates a graded physiological response to missiles of 
increasing energy (3, 28, 30) as shown in Table 3. 

Table 3 
Effect of Missile Energy upon Fatal Apnea (Apnea>6 minutes) 

And Sustained Increase in Intracranial Pressure 

Missile Energy % With Fatal Apnea Intracranial Pressure 
30 min. post-wounding (mmHg) 

-%@- 
1985 Sobloskv. 1989 

1:4 
8.6 21 17 

38.9 29 35 
2.4 66.7 43 50 

H. Late Reports 

Dr. Carey accepts responsibility for any late reports. In 
fulfillment of his contract each year, he has turned in to the 
Army from 82-100 pages of data and interpretation of results. 
Collation and interpretation of the immense amount of data (e.g., 
approximately 3000 brain water and electrolyte measurements and 
5000 regional blood flow determinations) require time, 
consideration and discussion among the research team. 

6. CONCLUSIONS AND SIGNATURES 

Louisiana State University Medical Center believes Dr. 
Carey's research on brain wounds should continue. One can hardly 
envision an investigator's work undergoing a more stringent or 
lengthy review process. In the course of three separate 
investigations--by the GAO's own expert Scientific Review Panel, 
the American Association of Neurological Surgeons, and the LSUMC 
Faculty Review Committee--Dr. Carey's work has been unanimously 
found to be greatly needed, to have merit, to have documented an 
extensive record of accomplishment, to have been conducted in an 
excellent research environment by an exceptionally qualified 
research team, to have been conducted humanely: and its 
continuation has been unanimously recommended. Dr. Carey's 
research has already produced knowledge that can be used to treat 
people with brain wounds and is on the threshold of discoveries 
that have the potential to save thousands of human lives. It 
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would be most ironic if, in this the presidentially designated 
"Decade of the Brain," a research project uniquely qualified to 
cross a last frontier of medicine were to be stopped. 

LSUMC knows of no other medical scientist who has been 
exposed to such a politically motivated and controlled process. 
The GAO review process is at variance with accepted standards of 
the peer review process for scientific research. The Secretary 
of Defense and others should weigh the effect on the country's 
scientific community if such an aberrant review is allowed. A 
dangerous precedent may be set which will affect not only this 
medical research project but many others to follow. 
Unfortunately, not only will medical progress be seriously 
jeopardized, but innocent American people will pay the price with 
their health and well-being and many with their lives. 

Robert S. Daniels, M.D. 
Dean 
LSU School of Medicine 

Michael E. C&key, M.D. 
Professor of Neurosurgery and Principal Investigator 
LSU School of Medicine 
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SCHOOL OF 
MEDICINE IN NEW ORLEANS 
Louisiana State University 
Medical Center 
1542 T?llane Avenue 
NewOrleans.LA 70112.2822 
Telephone: (504) 568.4006 

Office olthe Dean March 7, 1990 

Executive Committee 
Faculty Assembly 
LSU School of Medicine 

Dear Committee Members: 

President Copping recently appointed a Committee of 
distinguished LSU faculty members to review the research project, 
"An Experimental Brain Missile Wound' Ascertaining Patho- 
physiology and Evaluating Treatments to Lower Mortality and 
Morbidity". I attach the report. 

The project has been under investigation for more than a 
year at the request of Congressman Livingston to the General 
Accounting Office. Although the last site visit occurred in 
September and the last visit with GAO staff occurred in November, 
a report has not yet been issued. Also, in November, Congressman 
Livingston attached an amendment to an appropriations bill to 
terminate funding temporarily until 30 days after the GAO report 
appeared. 

We believe that this situation is one to which the 
biomedical scientific community and the public must attend 
because of its potential public policy consequences. We urge 
your careful review, your support in urging the GAO to issue its 
report, and your attention to the possible consequences. 

Sincerely, 

Robert S. Danii'ls, M.D. 
Dean 

RSD:cvr 
Enclosure 
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EXHIBIT t 

REPORT OF THE FACULTY COMMITTEE TO REVIEW 
DR. H. E. CAREY'S RESEARCH PROJECT 

Dr. Allen Copping, President of the LSU System, directed that a 

committee be formed to conduct a review of Dr. Michael E. Carey's research 

project, "An Experimental Brain Missile Wound; Ascertaining Pathophysiology 

and Evaluating Treatments to Lower Mortality and Morbidity", and to report 

the results of the review to him. 

Members of the committee were: 

H. Douglas Braymer, Ph.D., Chairman, Professor of Microbiology and 
Acting Vice President of Acadenlc Affairs, LSU System 

Jack P. Strong, M.D., Professor and Head, Department of Pathology, LSU 
School of Medicine 

Austin J. Sumner, M.D., Professor and Head, Department of Xeurology, 
LSU School of Medicine 

Nicholas G. Baran, M.D., Ph.D., Professor of Ophthalmology, 
Biochemistry, and Neurology, and Director, Neuroscience Center of 
Excellence, LSU School of Medicine 

John J. Spitzer, M.D., Professor and Head, Department of Physiology, 
LSU School of Medicine 

Mack A. Thomas, M.D., Chief of Anesthesiology, VA Medical Center 
John R. Ruby, Ph.D., Professor of Anatomy and Associate Dean for 

Faculty Affairs, LSU School of Medicine 

The committee diecuased the appropriateness of using the cat as the 

experimental animal in this project. It was determined that the cat was 

the proper animal. This decision was based on the amount of white matter, 

the vascularization, and the size of the cat brain. In addition, the cat 

has been utilized over many years for physiological studies which supply a 

very substantial store of data base upon which Dr. Carey's investigation 

could be built. 

The committee discussed the anesthesia used in the experimental 

protocol. It was indicated that all anesthetics interact with the central 

nervous system and that pentobarbital has as few deleterious effects as 

poeslble and, therefore, it is the most appropriate agent for the study. 
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Also, it was agreed that pentobarbital was the most humane drug because it 

induces a deep state of unconsciousness and, hence, the animal is unaware 

of the injury. 

The committee found the experimental design to be suitable and the 

parameters being measured to be appropriate. There was a difference of 

opinion within the committee as to the productivity of the project. A 

majority of the committee found that the productivity was appropriate and 

oxpocted for a project that etarted from a zero base and that was plagued 

with peraonnol and technical problems. Further, the majority expressed the 

opinion that a very impressive body of good data had been obtained by this 

program. The data appeared to be scientifically important and potentially 

very valuable for applicability to human pathology. Several more 

publicationa should result from these data. Two of the sever members of 

the committee expressed the opinion that there should have been greater 

productivity. 

The CommLttee concluded that the project addressed critical scientific 

problems and that Dr. Carey's approach was well conceived, proper, and made 

mAximum effort to protect the welfare of the animals. Further, it was the 

committee's opinion that Dr. Carey's project had received unwarranted and 

dlatortod coverage in the news media. Some members of the committee 

expreaaed grave concern about the political activity associated with this 

project and how such activity may affect the biomedical research community 

in the future. The committee was adamant in the opinion that the protect 

should be continued and that the University should take the positron of a 

strong defense on behalf of Dr. Carey. 
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Signatures of Committee to Review Dr. M. E. Carey's Research: 

/&Ld!LL 
H. Douglpb Braper,%hair 

pf$& Q/ gy& 
Mack A. Thomas 

Nicolas G. Be&' 

w 
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THE AMERICAN ASSOCIATION OF NEUROLOGICAL SURGEONS 

,FOVNDEDP.S THE HARVEY GUSHING SOCIETY IN 1331) 

22 SOUTH WASHINGTON STREET, SUITE 100. PARK RIOGE. ILLINOIS 60068 

PHONE. (708) 692.9500 FAX (708) 692.2569 

March 29, 1990 

Michael E. Carey, MD 
Professor of Neurosurgery 
Louisiana State University Medical Center 
1542 Tulane Avenue 
New Orleans, LA 70112 

Dear Dr. Carey: 

The American Association of Neurological Surgeons has completed 
its review of the research project on missile wounds of the brain, 
cuI ,&cted at Lou!:::.:: _. 

Sw.r.ry 
“‘zte !-lnivor+ blndical Cer+ar Am-nrh 

SIVMY 1OLCHIN.M.D ingly, I am enclosing the Association’s Statement, containing the 
Ir,, DW(l” Ne”rolol)Krl lnllllulr conclusions and recommendation. 
WI Center DllW 
I”lW 111 
LA h4*,1. CIlllornlr 92041 
,619,69(1~7164 

F;;oB;yR;.;1 WILKINS.CID ;sw jn 
Duke V”*rrr,,ly MIdiCll Cenlcr 
DEprrlmcnlol Nt”rol”rgsrr 
PO. Box leo7 
D”rhrm. North Caroh 27710 President ’ ” 
,919,684.x49 

,E w l(c*m: 
,Oh" 1, PWW,, M.D. 
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Statement of the 
AMERICAN ASSOCIATION OF NEUROLOGICAL SURGEONS 

Regarding Certain Research Conducted at 
Louisiana State University Medical Center 

March 30, 1990 

Michael E. Carey, MD, of Louisiana State University Medical Center, received funding 
by the Department of Defense to conduct research on missile wounds of the brain. 
Government interest in this type of research stems from the fact that despite the 
remarkable advances in medicine, the mortality rate from battle-related brain injury has 
remained essentially the same since World War II. Equally significant is the fact that 
the civilian population in the United States suffers thousands of deaths annually from 
gunshot wounds to the head. 

This research was approved by local and federal scientific peer review. Subsequently, 
when his research funding was suspended, Dr. Carey requested that the American 
Association of Neurological Surgeons review this research project. Consistent with its 
commitman! to the improvement of patient care through nc:::cccionce rasc::??, the 
Association agreed to do so. In the course of this review, Dr. Carey’s research 
summaries, publicat;uns, and reports were studied. He, his staff, and kc.* cnP**nnor + 
the LSU School of Medicine were interviewed. Dr. Carey’s laboratones and the LSU 
animal care facilities were inspected. As a result, several conclusions were reached: 

1. The investigative team has the background, physical facilities, and equipment to 
conduct this research. This team is the only one currently studying brain missile 
injury in the United States. 

2. The work which this laboratory team has done, and is planning to do, does not 
duplicate the comparatively little research previously conducted and reported in 
this area. 

3. All studies have been performed with adequately anesthetized cats and rats. The 
anesthetic technique used is humane and does not invalidate the experimental 
modelling. 

4. The experimental model chosen is appropriate to study missile injury of the brain. 
Since such wounds produce primary and secondary local and systemic events, 
computer modelling oannot reproduce the widespread response to injury 
necessary to understand and treat this type of wound. 

5. Dr. Carey’s studies to date have been well-planned and well-executed. While the 
team has concentrated on studying the pathophysiological effects of experimental 
brain missile injury, the model is developed to the point where treatment trials can 
be initiated to search for ways of improving the outcome from missile injuries to the 
brain. 

Based upon these conclusions, it is recommended that this research be permitted to 
continue. 
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Mayo Clinic Rochaltar, Minnesot4 SJPOS Telcphon4 507 284.25.11 

bhn D.Michenfel&,M.D. 
OIpmmulr d Anuthnlol~ November 3, 1989 

Michael Carey, M.D. 
LSU Medical Canter 
Department of Neurosurgery 
1542 Tulanr Avenu4 
New Orleans, LA 70112 

Dear Doctor Carey: 

In resgonse to your rrquest, let me brlefly summarize the effects of 
POntObArbital anesthesla on cerebral physiology and compare and contrast 
that with other anesthetic techniques. Dap4ndlng on depth of anesthesia, 
barbiturates will consistantly decrease both cerebral blood flow and 
cerebral metabolic rat4 but do not uncouple the relatlonshlp between the 
two. Nu;:;,;r do >a~b;'iy;f.:; - . . 
rlactivity (although the 

alter autoregulation nor dc the:: thn!!eh CCIo 
slope of the reactivity may be flattened 

somewhat). Barbiturates differ in their capacity to act as free radical 
scavengers such that thiopental does offer that potential wharcas 
Drntobarbital (the drug you are using) has no free radical scavenging 
potential (see Smith DS, Rehncrona S, Siesjo BK: Anesthesiology 53:186, 

7 1980). There is tom4 evidence that barbiturates offer braIn protection in 
CiNWtStanC4S of r4gional ischemia and this is generally thought to be on 
the basis of reduced m4tabollc demand. Depending on tha questions being 
asked, gentobarbital may be the idaal anesthetic for certain animal 
invrstt ations. The commonly used volatile anesthatics all cause increased 
blood f ! ow with decreasrd metabolism thus uncoupling the relationship 
between blood flow and metabolitm and all interfere with autoregulation. 
As such, they are prone to increase Intracranial pressure whCre4s 
barbituratrs are prone to decressa intracranial pressure. Unfortunataly, I 
know of no anerthetlc technique that can predictably not alter either blood 
flow, metabolism, or normal cerebral physiology. It is a dilwna that all 
animal invrrtigatorr face whrn they are studying questions relating to 
brain ohannacology, ohysiology, and pathophyaiology. Thus. it is 
imperative to understand thr effects of the background anesthetlc chosen 
and to decide whether or not thoss affects are important In relation to the 
question bsing asked. Selrctlon of a background anesthetic for animal 
rrsaarch of this sort is always som4 kind of a compromise and thus, 
d4pending on on4s motivation, fault can always be found with what4vtr 
choice is made, 
bibliography. 

As per your request, I enclose a copy of my CV 

D. Mich4nfrldsr. M.D. 
essor of Anrsthcsiology 

Medical School 
rman, 
sion of Anesthesia &search 
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The University of Iowa hXtll&lT 4 
Iowa City. Iowa 62242 

College of Medicine 
Dspartmenl of Internal Medicine 

31 S/35&2883 

November 10, 1989 

Michael E. Carey, M.D. 
Professor of Neurosurgery 
School of Medicine in New Orleans 
Louisiana State University 
Medical Center 
1542 Tulane Avenue 
New Orleans, IA 70112-2822 

Dear Dr. Carey, 

I am responding to your request for my opinion about the use of pentobarbital 
and inhalation anesthetics in studies of autoregulation of csrebral blood flow 
in cats. 

We have used pentobarbital to study autoregulation of cerebral blood flow in 
rats, and autoregulation definitely is preserved. Some of the classic studies 
of mechanisms of autoregulation in the cerebral circulation have been 
performed in cats that were anesthetized with pentobarbital. I think that 
pentobarbital is certainly appropriate for studies of autoregulation in cats. 
Barbiturates and many other anesthetics tend to reduce cerebral blood flow, 
because they reduce cerebral metabolism, but autoregulation clearly is 
preserved in cats that are anesthetized with pentobarbital. Frankly, I am 
surprised that a question has been raised about the use of pentobarbital, 
because it is a very reliable, effective anesthetic. 

We have used halothane in experiments in dogs, and it produces pronounced 
increase in cerebral blood flow. Halothane would be an acceptable anesthetic, 
but I would prefer pentobarbital in studies of autoregulation. 

Sincerely, 

s-_.r;r @e&4-// 

Donald D. Heistad, M.D. 
Professor of Medicine and Pharmacology 

DDH : mmk 
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a&f fAA? awn AT”.Il N4W YORW. N ” ‘rn? 

THENEWYORKHOSPITAL=CORNELLMEDICALCENTER 
sxrvft31?-3- 

November 9, 1989 

Dr. Hlchrsl Caray 
Bohool of Medicha In El-v Orlunr 
Louisiana St4tr Univarrity 
HAdiCAl CAntAr 

1542 TulAnb AvrnW 

Nbr Orham, LA 70112-2822 
PAxYl 504-560-4843 

Door Dr. Carry1 

Al you rrquutrd, I havr rrviowad thr poralbla rfZact of tha UI~ of 
pantobwbitel radium on thr outcomb And intrrprrtrtlon of your Hudy publirhad 
In J. Nauroowmrz, 1909, 711754-764. In my opinion, thr typb l d amount of 
An*rthrtic in no vr7 invalidator the outoixna or intrrpratrtion af thr 
rxparimwt~, 

Sinsrrrly, , 

Trod Plum, M.D. 

PP/moc 
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LOUISIANA STATE UNIVERSITY 
MEDICAL CENTER 
1542 Tulane Avenue 
New Orleans, LA 70112-2822 
Telephone: 1504) 568-6090 

Diwsmn of Animal Care 

July 27, 1990 

To: Michael Carey, M.D. 
Professor, Department of Neurosurgery 

From: Salvador G. Longoria, D.V.M. 
Staff Veterinarian 

I wish to clarify that I never told any member of the GAO or any 
other person that the animals from the brain wound project exper- 
iment experienced pain. 

I did not use analgesia on these cats because they were not in pain 
and I have already stated that no analgesia was used. 

School of Allisd H.,alth Protess,ons School of Graduate Studw School of Mediclnr #n Shrsvepon 
w 
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LOUISIANA STATE UNIVERSITY 
MEDICAL CENTER 
1542 Tulane AVonuO 
Now Orlornr, LA 70112.2822 
folrphono: (604) 5684000 

Oivirbn d krimal Can 

November 6, 1989 

To: Michael Carey, M.D. 
Professor, Dept. of Neurosurgery 

From: Salvador Longoria, D.V.M. 
Division of Animal Care 

For Your Information: 

On March 22, 1989 I had to drain an infected Pinna from the 
ear of your cat No. 1684. 

On March 23, 1989 the cat seemed to act as though it were in 
pain so I gave him a dose of Butorphanol Tartrate (Torbutrol). 
It was not repeated because I did not consider it necessary. 
This was the only cat to which Butorphanol Tartrate was given. 

School of Allwd Hoollh ProlPsaionb School of QraduU. Sudaos School 0, Modlcms I” Shreveport 

School ol OontiWy School of Modtom III NW Orleans School 01 Nurrmg 
IL. 
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Glossary 

Anesthesia Box A covered aquarium-like tank in which the animal is placed while an 
inhalational anesthetic agent is introduced. The animal is removed from 
the box after it is under a correct plane of anesthesia. 

Apnea Respiratory arrest. 

Arterial Blood Pressure The pressure exerted by the circulating blood on the walls of the arterial 
blood vessels, produced by the pumping action of the heart. 

Audio-Evoked Potential Following a sound stimulus, electrical impulses are recorded from the 
audio centers of the brain or general increases in electrical activity pro- 
duced by sound stimulus. 

Autoregulation The ability of the brain to control the blood flow into and out of its 
regions. 

Balanced Anesthesia The use of a combination of drugs to produce general anesthesia. The 
combinations are additive; therefore, the dose of a single drug or one of 
the drugs used reduces the side effects of the second drug. 

Barbiturate Any derivative of barbituric acid. Barbiturates are used as hypnotic and 
sedative drugs. Modifications in their structure influence the potency 
and rapidity of their effects. The depressant effects of these drugs are 
exerted on the higher centers of the brain. 

Blood-Brain Barrier (BBB) As defined by the research team, the functional barrier between the 
brain capillaries and the brain tissue that allows some substances from 
the blood to enter the brain rapidly and other substances slowly or not 
at all. 

Blood Gases Oxygen and carbon dioxide concentrations that are normally found in 
Y the blood. 
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Bradycardia Slower-than-normal heart rate. 

Butorphanol Tartrate An analgesic drug given to relieve pain. 

Cannula An artificial tube of various sizes and shapes for insertion into a body 
cavity, an artery, or the trachea. 

Catecholamine Any one of a group of natural substances released by the body as a 
result of stress or injury, including epinephrine, norepinephrine, and 
dopamine. 

Centigrade (C) A temperature scale in which 00 represents the ice point and lo@ the 
boiling point. 

Centimeter (cm) A unit of distance equaling one hundredth of a meter, equivalent to 
.3937 inch. 

Cerebral Blood Flow (CBF) The rate, in milliliters per minute, at which blood flows through the 
brain, measured by the rate of diffusion of inert gases (nitrous oxide, 
krypton) into the brain. Approximate value of CBF in normal people is 
750 ml per minute. 

Cerebrospinal Fluid (CSF) The fluid within the cerebral ventricles and between the arachnoid 
membrane and pia mater of the brain and spinal cord. 

CMR Cerebral metabolic rate. 

CRISP Computer Retrieval of Information on Scientific Projects from the 
National Institutes of Health, Bethesda, Maryland. 

Dexamethasone A potent anti-inflammatory adreno/glucocortical steroid. 
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Dimethyl Sulfoxide 
(DMSO) 

A colorless liquid, miscible with water. Rapidly absorbed through intact 
skin, it has local analgesic and anti-inflammatory activity. 

DTIC Defense Technical Information Center, located at Cameron Station, Vir- 
ginia, indexes DOD research projects and reports on research projects. 

Dura Mata Layer of tissue that encloses the brain (brain cover). 

Edema Effusion of fluid into the interstices of cells in tissue spaces or into body 
cavities; swelling with fluid. 

Electrocardiogram (ECG or A graphic record, made by an electrocardiograph, of the electrical forces 

EKG) that produce the contraction of the heart. A typical normal record 
shows P, Q, R, S, T, and U waves. 

Electroencephalogram 
(EEG) 

A graphic record of the minute changes in electric potential associated 
with the activity of the cerebral cortex, as detected by electrodes 
applied in the surface of the scalp. 

Electrolytes A conducting medium in which the flow of current is accompanied by 
the movement of ions, 

Energy The capacity to do work; the property of a system that diminishes, when 
the system does work on any other system, by an amount equal to the 
work so done. Calculated by this formula: E= 1/2mv2. 

Energy of Deposit The difference between the missile’s energy on entering and exiting the 
brain. 

Euthanize I) 
The intentional bringing about of an easy and painless death. 
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Evan’s Blue Dye A substance used to study gross (qualitative) changes in capillary integ- 
rity. Dye will diffuse into tissue upon rupture of a capillary. 

Fix-Perfusion To preserve and fix an organ of the body by the infusion (perfusion) of 
a fixative, such as formaldehyde. 

Free Radical A nonionic compound, highly reactive and of relatively short life, in 
which the central element is linked to an abnormal number of atoms or 
groups of atoms, and characterized by the presence of at least one 
unpaired electron. 

General Anesthesia A person or an animal in a state of altered body function resulting in 
insensibility to pain and a loss of consciousness, accomplished by the 
(1) injection of a combination of drugs or a single drug or (2) inhalation 
of an agent combined with oxygen. 

Glycogen A polysaccharide found in liver cells, all embryo tissues, testes, muscles, 
leukocytes, cartilage, or other tissues. It is formed from carbohydrates 
and is stored in the liver, where it is converted, as the system requires, 
into sugar (glucose). 

Graded Response Model A model producing different responses to injuries of increasing severity. 

Halothane A general anesthetic administered by inhalation. 

Hematocrit The percentage of whole blood cells in relation to the plasma component. 

Hemodynamic The study of the interrelationship of blood pressure to blood flow in the 
vascular system. 

Heparin ” An acid mucopolysaccharide acting as an antithrombin and 
antithromboplastin factor to prolong the clotting time of whole blood; it 
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occurs in a variety of tissues, most abundantly in the liver. Employed 
parenterally as an anticoagulant, in the form of the sodium salt. 

High performance liquid chromatography. 

Hydrostatic Part of the branch of hydraulics that deals with the properties and char- 
acteristics of liquids. 

Hypercapnia An excessive amount of carbon dioxide in the blood. 

Hyperoxia An excessive amount of oxygen in the blood. 

Hypertension Excessive tension or pressure, especially that exerted by bodily fluids 
such as blood, specifically, high blood pressure. 

Hyperventilation Abnormally rapid, deep breathing; overbreathing, usually due to anx- 
iety, producing hypocapnia and symptoms of dizziness, paresthesia, and 
carpopedal spasm caused by the respiratory alkalosis that develops. 

Hypocapnia Subnormal concentration of carbon dioxide in the blood. 

Hypotensive Low blood pressure resulting from major loss of blood through 
hemorrhage, 

Hypovolemic Shock Shock caused by a reduced circulating blood volume which may be due 
to loss of blood or plasma as in burns, the crush syndrome, perforating 
wounds, or other trauma. 

Hypoxia ” Oxygen want or deficiency; any state wherein a physiologically inade- 
quate amount of oxygen is available to, or utilized by, tissue without 
respect to cause or degree. 

Page 364 GAO/IiRDSl-30 Army Biomedical Brain-Wound Research 



IIAAR Institute of Laboratory Animal Resources. 

Inhalatant Anesthetics Agents delivered to the animals’ lungs in a carrier gas, such as oxygen or 
an oxygen-nitrous oxide mixture. 

Intensive Care Unit (ICU) An area within a hospital facility for patients whose health conditions 
require close medical attention, constant nursing care, and the use of 
complex medical equipment. 

Intracranial Pressure (ICP) Pressure within the cranium. 

Intramuscular (IM) Into a muscle mass, as to inject a drug into a muscle mass, 

Intraperitoneal (IP) Into the abdominal cavity. 

Intravenous (IV) Into a vein. 

Isc hernia Local reduction in the blood supply to tissue due to obstruction of arte- 
rial blood inflow or vasoconstriction. 

Isoflurane An inhalant general anesthesia. 

Joule The meter-kilogram-second unit of work or energy; a missile weighing 
31.7 milligrams moving at 178 meters per second has 0.50 Joules; the 
same missile moving at 210 meters per second has 0.70 Joules; at 238 
meters per second, 0.90 Joules; at 297 meters per second, 1.40 Joules; 
and at 389 meters per second, 2.40 Joules. 

Ketoacidotic y Acidosis produced by an increase in the blood of such ketone bodies as 
B-hydroxybutyric and acetoacetic acids. 
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Kilogram (kg) A unit of mass and weight, equal to 1,000 grams (g). 

Lactated Ringer’s A sterile solution of 0.6 g sodium chloride, 0.03 g potassium chloride, 
0.02 g calcium chloride, and 0.31 g sodium lactate in sufficient water for 
injection to make 100 ml. Used intravenously as a systemic alkalizer and 
as a fluid and electrolyte replenisher. 

Mannitol A hexahydric alcohol from manna and other plant sources. It is used as 
a hypertonic solution, Iv-administered to promote diuresis. Sometimes 
used to measure the rate of glomerular filtration and as an irrigating 
fluid in transurethral resection of the prostate; in pharmacy, used as a 
diluent. 

Mean Arterial Blood 
Pressure (MABP) 

Difference between the systolic and diastolic pressures, 

MEDLINE Medical Literature Analysis and Retrieval On-Line from the National 
Library of Medicine, Rockville, Maryland. 

Methohexital Sodium An ultrashort-acting barbiturate sold under the trade name of Brevital. 

Milligram (mg) A unit of weight equal to one thousandth of a gram. 

Milliliter (ml) A unit of capacity equal to one thousandth of a liter. 

Millimeters of Mercury 
WM-W 

The weight of a column of mercury 1 millimeter high, used to show the 
pressure of gases, blood pressure, and atmospheric pressure. 

Missile Energy E in Joules is calculated by E= l/2 mv2, where “m” represents the mass 
(in kilograms) of the sphere and “v” represents velocity (in meters per 
second) of the sphere. 
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Nitrous Oxide (N,O) A colorless gas used to produce anesthesia. 

Normotensive Normal blood pressure. 

The partial pressure of carbon dioxide in arterial blood. 

The partial pressure of oxygen in arterial blood. 

Pathophysiology The study of the alterations in the physiological functions produced by a 
disease or pathological process. 

PC02 Partial pressure of carbon dioxide, a method of expressing the level or 
amount of carbon dioxide. 

PE 90 Size of a tube, usually made of polyethylene, used as a cannula for inser- 
tion in the cat’s femoral artery. 

- 

Peer Review Process The process by which research proposals are competitively evaluated 
through a discussion conducted by a review committee composed of 
scientists knowledgeable in the topic area. The committee evaluates 
each proposal to determine its scientific acceptability in areas such as 
research objective, scientific feasibility, investigator competence, and 
animal use. 

Periosteum A fibrous membrane investing the surfaces of bones, except at their 
points of tendinous and ligamentous attachment and on the articular 
surfaces, where cartilage is substituted. 

Physiograph Method of recording physiological values, for example, blood pressure 
and EKG. 
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Plasma Catecholamines Any one of a group of natural substances found in blood released by the 
body as a result of stress or injury, including epinephrine, 
norepinephrine, and dopamine. 

PO, Partial pressure of oxygen; a method of expressing the level or amount 
of oxygen. 

- - I _ -  

Postoperative Care Care given after a surgical procedure that includes monitoring-with 
attention to pain or discomfort and its alleviation-such factors as body 
temperature, fluid balance, and reflexes . 

Prostaglandins A group of powerful hormone-like chemicals found in all human and 
animal tissue other than red blood cells. One of several physiologically 
potent compounds, these chemicals have a unique structure containing 
20 carbon atoms and are formed from essential fatty acids. The activi- 
ties of these chemicals affect the nervous system, circulation, female 
reproductive organs, and metabolism. 

Radioisotopes A radioactive isotope, commonly of an element that is stable. By virtue 
of its radioactivity, a radioisotope is used either as a tracer added to the 
stable form of a compound (to follow the course of the compound in a 
particular sequence of reactions in living organisms or even in an inani- 
mate system-as in this project to determine blood flow into and out of 
regions of the brain) or for the effect of its radiations (often diagnostic 
or therapeutic). Although certain isotopes of normally stable elements 
exist naturally in radioactive form, many are prepared only artificially, 
as by bombarding an element with neutrons, protons, deuterons, or 
alpha particles in a nuclear reactor or in an accelerating device such as 
the cyclotron or cosmotron; the bombarded element may form a radioac- 
tive isotope of the same element or of another element. 

Sodium Bicarbonate Used as a gastric antacid to combat systemic acidosis and to alkalinize 
urine. 

Subcutaneouk Under the skin. 
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Tidal Volume The volume of breath. 

Trauma Model Consists of the animal used, the method of preparing the animal for 
injury, and the method of causing a physical or mechanical injury for 
the purpose of studying the effects of the trauma on the animal or 
assessing the efficacy of various treatments. A valid model can be repli- 
cated over time with a high degree of consistency in results. 

Velocity The time rate of change of position of a body in a specified direction; 
rapidity of motion or operation; speed. 
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